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HLA-Al, -A2, -A3, -A24, -B7, AND -B44 TUMOR ASSOCIATED 
ANTIGEN PEPTIDES AND COMPOSITIONS 



BACKGROUND OF fBE INVENTION 

Field of the Invention 

[0001] This invention relates to the field of biology. In a particular 

embodiment, it relates to peptides, polynucleotides, and conqpositions useful to 
monitor or elicit an immime response to selected tumor-associated antigens. 

Related Art 

[0002] The field of inununotherapy is yielding new approaches for the 

treatment of cancer, including the development of improved cancer vaccines 
CKrul, K.a, Decision Resources, 10.1-10.25 (1998)). While vaccines provide 
a mechanism of directing immune responses towards the tumor cells, there are 
a number of mechanisms by which tumor cells circumvent immunological 
processes (Pardoll, D. M., Nature Medicine (Vaccine Supplement), 4:525-531 
(1998)). Recent advances indicate that the efficacy of peptide vaccines may 
be increased when combined with approaches which enhance the stimulation 
of immune responses, such as the use of biterleuldn-2 or autologous dendritic 
cells (DC) (Abbas et al, eds., Cellular and Molecular Immunology, 3^ 
Edition, W. B. Saunders Company, pub. (1997)). 

[0003] In a Phase I study, Murphy, etal, demonstrated that Human Leukocyte 

Antigen (HLA)-A2-binding peptides corresponding to sequences present in prostate 
specific antigen (PSA) stimulated specific cytotoxic T-cell lyntphocyte (CTL) 
responses in patients wife prostate cancer (Murphy et al„ The Prostate 29:371-380 
(1996)). Recently, Rosenberg, et al, evaluated the safety and mechanism of action of 
a synthetic HLA-A2 binding peptide derived fiom the melanoma associated antigen, 
gplOO, as a cancer vaccine tojreat pai^ents wi^ metaslaticjnelan^ (Rosenbeig et^ 
ai, Nature Med., 4:321-327 (1998)), Based on immunological assays, 91% of 
patients were successfidly immunized with fee synthetic peptide. In addition, 42% 
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(13/31) of patients who received the pqptide vaccine in combination with 11^-2 
treatment, demonstrated objective cancer responses. Finally, Nestle, etal., reported 
tiie vaccination of 16 melanoma patients with peptide- or tumor lysate-pulsed DC 
(Nestie et aL, Nature Med 4:328-332 (1998)). Peptide^)ulsed DC induced mxmune 
responses in (11/12) patients immunized with a vaccine comprised of 1-2 peptides. 
Objective responses were evident in 5/16 (3 peptide-pulsed, 2 tumor-lysate pulsed) 
evaluated patients in this study. These Phase I safety studies provided evidence that 
HLA-A2 binding peptides of known tumor-associated antigens demonstrate the 
expected mechanism of action. These vaccines were generally safe and well 
tolerated. Vaccine molecules related to four cancer antigens, CEA, HER2/neu, 
MAGE2, and, MAGE3 have been disclosed. (Kawashima et al. Human Immunology, 
59:1-14(1998)) 

[0004J Prechnical studies have shown tiiat vaccine-pulsed DC mediate anti-tumor 

effects through tiie stimulation of antigen-specific CTL (Mandelboim et al. Nature 
Med., 1: 1179-1183 (1995); Celluzzi et al, J Exp Med 183:283-287 (1996); Zitvogel 
et al, J Exp Med 183:87-97 (1996); Mayordomo et aL, Nature Med 1:1297-1302 
(1995)). CTL directiy lyse tumor cells and also secrete an array of cytokines such as 
interferon gamma (IFNy), tumor necrosis factor (TNF) and granulocyte-macrophage 
colony stimulating factor (GM-CSF), fliat further anqilify tiie immune reactivity 
agamst tiie tumor cells. CTL recognize tumor associated antigens (TAA) in the form 
of a compile composed of 8-1 1 amino acid residue peptide epitopes, bound to Major 
ffistocon5)atibility Complex (MHQ molecules (Schwartz, B. D., The human major 
histocompatibaUy complex HLA in basic & clinical immunology Stites et al, eds., 
Lange Medical Publication: Los Altos, pp. 52-64, 4* ed,). Peptide epitopes are 
generated through intracellular processing of proteins. The processed peptides bind 
to newly synthesized MHC molecules and tfie epitope-MHC co^^)lexes are e3q>ressed 
on flie cell surface. These epitope-MHC complexes are recognized by flie T cell 
receptor of the CTL. This recognition event is required for the activation of CTL as 
well as induction of flie effector functions such as lysis of flie target tumor cell. 

[0005] MHC molecules are hi^y polymorphic proteins that regulate T cell 

responses (Schwartz, B. D., The human major histocompatibility complex HLA in 
basic d clinical immunology Stites et al, eds., Lange Medical Publication: Los Altos, 
pp. 52-64, 4* ed.). The species-specific MHC homologues that display CTL q)itopes 
in humans are termed HLA. HLA class I molecules can be divided Jntq several 
families or "supertypes" based upon their ability to bmd similar repertoires of 
p^tides. Vaccines which bind to HLA supertypes such as A2, A3, and B7, will 
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afford broad, non-etlmically biased population coverage. As seen in Table 11, 
population coverage is 84-90% for various ethnicities, with an average coverage of 
the sample ethnicities at 87%. 
(00061 One of the main fectors contributing to flie dynamic interplay between 

host and disease is the immune response mounted against the pathogen, 
infected cell, or malignant cell. In many conditions such immune responses 
control the disease. Several animal model systems and prospective studies of 
natural infection in humans suggest that immune responses against a pathogra 
can control the pathogen, prevent progression to severe disease and/or 
eUminate the pathogen. A common theme is the requirement for a 
multispecific T cell response, and that narrowly focused responses appear to 
be less effective. 

[0007] In the cancer setting there are several findings that indicate that 

immune responses can impact neoplastic growth: 

[0008] First, the demonstration in many different animal models, that anti- 

;« tumor T cells, restricted by MHC class I, can prevent or treat tumors. 

[0009] Second, encouraging results have come from immunoflierapy trials. 

[0010] Third, observations made in the course of natural disease correlated the 

type and composition of T cell mfiltrate within tumors with positive clinical 
outcomes (Coulie PG, et al Antitumor immunity at work in a melanoma 
V^jAeaiJxi Advances in Cancer Research. 21^,9/1?^ 1999). 

[0011] Finally, tumors commonly have the abihty to mutate, thereby changing 

their immunological recognition. For example, the presence of monospecific 
CTL was also correlated with control of tumor growth, until antigen loss 
emerged (Riker A, et al. Immune selection after antigen-specific 
immunotherapy of melanoma Surgery, Aug: 126(2):1 12-20, 1999; Marchand 
M, et al. Tumor regressions observed in patients with metastatic melanoma 
treated with an antigenic peptide encoded by gene MAGE-3 and presented by 
HLA-Al Int. J. Cancer 80(2):219-30, Jan. 18, 1999). Similarly, loss of beta 2 
microglobuHn was detected in 5/13 lines established Jfrom melanoma patients 
after receiving immunotherapy at tiie NCI (Restifo NP, et al. Loss of 
-functional Beta2 - microglobulin in metastatic melaribmas fr5m five patients " 
receiving immunotherapy Journal of the National Cancer Institute, Vol. 88 

3 
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(2), 100-108, Jan. 1996). It has long been recognized that HLA class I is 
fiequently altered in various tumor types. This has led to a hypolhesis that this 
phenomenon migjit reflect immune pressure exerted on the tumor by means of 
class I restricted CTL. The extent and degree of alteration in HLA class I 
expression appears to be reflective of past immune pressures, and may also 
have prognostic value (van Duinen SG, et al. Level of HLA antigens in 
locoregional metastases and clinical course of the disease in patients with 
melanoma Cancer Research 48, 1019-1025, Feb. 1988; MoUer P, et al, 
hifluence of major histocompatibiUty complex class I and H antigens on 
survival in colorectal carcinoma Cancer Research 51, 729-736, Jan. 1991). 
Taken together, these observations provide a rationale for immunother^y of 
cancer and mfectious disease, and suggest that effective strategies need to 
account for the complex series of pathological changes associated with 
disease. 

[00121 The frequency of alterations m class I expression is the subject of 
numerous studies (Algaira I, et al.. The HLA crossroad in tumor immunology 
Human Immunology 61, 65-73, 2000). Rees and Mian estimate alleUc loss to 
occur overall in 3-20% of tumors, and allelic deletion to occur in 15-50% of 
tumors. It should be noted that each cell carries two separate sets of class I 
genes, each gene carrying one HLA-A and one HLA-B locus. Thus, ftilly 
heterozygous mdividuals cany two different HLA-A molecules and two 
different HLA-B molecules. Accordingly, the actual frequency of losses for 
any specific allele could be as little as one quarter of the overall frequency. 
They also note that, in general, a gradient of ejqjression exists between normal 
cells, primary tumors and tumor metastasis. In a study from Natali and 
coworicers (NataU PG, et al. Selective changes in expression of HLA class I 
polymorphic determinants in human solid tumors PNAS USA 86:6719-6723, 
September 1989), solid tumors were investigated for total HLA expression, 
using W6/32 antibody, and for allele-specific expression of the A2 antigen, as 
evaluated by use of the BB7.2 antibody. Tumor samples were derived from 
primary cancers or metastasis, for 13 different tumor types, and scored as 
negative if less ffian 20%, reducedTf in tiie 30-86% range,' and normafabove 
80%. All tumors, both primary and metastatic, were HLA positive wifli 
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W6/32. In tenns of A2 e)q)ression, a reduction was noted in 16.1 % of the 
cases, and A2 was scored as undetectable in 39.4 % of the cases. Garrido and 
coworkers (Ganido F, et al. Natural history of HLA expression during tumour 
development Immunol Today 14(1 0):49 1-99, 1993) emphasize that HLA 
changes appear to occur at a particular step in the progression from benign to 
most aggressive. Jiminez et al (Jiminez P, et al, MicrosateUite instabihty 
analysis in tumors with different mechanisms for total loss of HLA expression. 
Cancer Immunol Immunother 48:684-90, 2000) have analyzed 118 different 
tumors (68 colorectal, 34 laryngeal and 16 melanomas). The frequencies 
reported for total loss of HLA expression were 11% for colon, 18% for 
melanoma and 13 % for larynx. Thus, HLA class I expression is altered in a 
significant fraction of the tumor types, possibly as a reflection of imnmnft 
pressure, or simply a reflection of the accumulation of pathological changes 
and alterations in diseased cells. 

[0013] A majority of the tumors e;q)ress HLA class I, with a general tendency 

for the more severe alterations to be found in later stage and less differentiated 
tumors. This pattern is encouraging in the context of immunotherapy, 
especially considering that: 1) the relatively low sensitivity of 
immunohistochemical techniques might underestimate HLA expression in 
tumors; 2) class I expression can be induced in tumor cells as a result of local 
inflammation and lympihokine release; and, 3) class I negative cells are 
sensitive to lysis by NK cells. 

[0014] Recent evidence has shown that certain patients infected wifli a 

pathogen, whom are initially treated with a therapeutic regimen to reduce 
pathogen load, have been able to maintain decreased pathogen load when 
removed from the therapeutic regimen, i.e., during a "drug holiday" 
(Rosenberg, E., et al. Immune control of HTV-l after early treatment of acute 
infection Nature 407:523-26, Sq)t. 28, 2000) As appreciated by those skilled 
in the art, many therapeutic regimens for both pathogens and cancer have 
numerous, often severe, side effects. During the drug hoUday, the patient's 
immune system is keeping the disease in check. 
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[0015] Various approaches have, or are, being employed as cancer vaccines. Table 1 

overviews the major cancer vaccine approaches and the various advantages and 
disadvantages of each. 

[0016] Currently there are a number of unmet needs in the area of cancer treatment. 

This is evidenced by the side effects associated with existing therapies employed for 
cancer treatment and the feet that less than 50% of patients are cured by current 
therapies. Therefore, an opportunity exists for a product with the ability to eiflier 
increase response rates, duration of response, overall survival, disease free survival or 
quality of life. 

SUMMARY OF THE INVENTION 

[0017] In some embodiments, the invention is directed to an isolated peptide 

comprising or consisting of one or more HLA-Al, -A3, -A24, -B7, and/or B44 
epitopes and/or HLA-Al, -A2, -A3, -A24, -B7, and/or B44 analogs. The 
peptide may conq)rise mutiple epitopes and/or analogs, and may con^rise 
additional amino acids, including other CTL epitopes, HTL epitopes, linkers, 
spacers, carriers, etc. 

[0018] In further embodiments, the invention is directed to polynucleotides 

encoding such peptides. 

[0019] In further embodiments, the invention is directed to a composition 

comprising one or more of the above peptides and/or polynucleotides and one 
or more additional components. Additional components include diluents, 
excipients, CTL epitopes, HTL epitopes, carriers, liposomes, HLA heavy 
chains, p2-microglobulin, strepavidin, antigen-presenting cells, adjuvants, etc. 

[0020] In further embodiments, the invention is directed to prophylactic, 

therapeutic, diagnostic, and prognostic methods using the peptides, 
polynucleotides, and compositions of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES 

[0021] Figure 1 depicts that PADRE promotes antigen specific T cell 

reipbns^s~fi-oin huinanPBMC. In Figure'!, PBMC froin three healthy donors 
(donors 431, 397, and 344) were stimulated in vitro. In brief, Ficoll-Paque 
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(Phaimacia LKB) pmiiSed PBMC wcsre plated at 4 x 10^ cells/well in a 24- 
well tissue culture plate (Costar). The peptides were added at a final 
concentration of 10 iig/wl and incubated at 37^C for 4 days. Recombinant 
interleukin-2 was added at a final concentration of 10 ng/ml and the cultures 
were fed every three days with fresh media and cytokine. Two additional 
stimulations of the T cells with antigen were performed on approximately days 
14 and 28. The T cells (3 x 10^ cells/well) were restimulated with 10 |iig/ml 
peptide using irradiated (7500 rads) autologous PBMC cells. Tcell 
proliferative responses were determined using a ^H-thymidine incorporation 
assay. 

[0022] Figure 2 depicts that PADRE-specific proliferative responses are 

induced via peptide vaccination. In Figure 2, two weeks after vaccination, 
PBMC of 4 out of 12 cervical cancer patients (002, 005, 008, and 014) 
displayed proliferation when stimulated in vitro with 5 fig/ml PADRE peptide 
(4/12= 33% responding patients, 95% interval 10-65%) (Tx = treatment). The 
proliferation index of multiple wells was calculated as the mean cpm fi-om 
experimental wells divided by the mean cpm firom control wells. PADRE- 
spedfic responses were considered positive when the proliferation index 
exceeded 5. The variation between replicates was always less than 25% 
(Ressing et al, "Detection of T helper responses, but not of himan 
papillomavirus-specific cytotoxic T lymphicyte responses, after peptide 
vaccination of captients with cervical carcinoma," J, Immuother 23(2):255-66 
(Mar.-Apr. 2000)). 

[0023] Figure 3 depicts that splenic DC from ProGP -treated mice present 

HBV-derived CTL epitopes to a CTL line. In Figure 3, Splenic DC from 
ProGP-treated HLA-A2.1^^-H-2^''' transgenic mice (33 ^g/animal, QD, SC 
for 7 days) were enriched using an auti-CDl Ic antibody (Miltenyi Biotec). B 
cells were isolated from normal spleen by magnetic separation after treating 
cells with biotinylated anti-CD19 antibody and Strepavidin-coupled beads 
(Miltenyi Biotec). DC were also generated from bone marrow cells by culture 
wi^ GM-CSBfYLA. DC or B cells, (1 x 10^ cells) were mci^ated wift 1 jc lOf _ 
CTL line 1168 and varying concentrations of the HBV Pol 455 peptide in 
Opti-MEM I medium containing 3 fig/ml p2-microglobulin (Scripps 
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Laboratories). Cells were added to 96-flat bottom well ELISA plates that 
were pre-coated with an anti-IFNy capture antibody. After incubation for 18- 
20 hr at 37 in situ production of IFNy by stimulated line 1168 was 
measured using a sandwich ELISA. Data shown is from one experiment. 
Similar results have been obtained in additional experiments. Studies were 
performed at Epimmune Inc., San Diego, CA. 

[0024] Figure 4 depicts that splenic DC from ProGP-treated mice induce CTL 

responses in vivo. In Figure 4, Splenic DC from ProGP treated HLA-A2.1 
transgenic mice (33 ^ig/mouse, QD, SC for 7 days) were pulsed in vitro with 
HBV Pol 455 peptide (10*^ cell per ml pq)tide at 10 jxg/ml) in Opti-MEM I 
medium (Gibco Life Sciences) containing 3|xg/ml p2-microglobulin (Scripps 
Laboratories). After peptide pulsing for 3 hr at room temperature, DC were 
washed twice and 10^ cells were injected IV into groups of three transgenic 
mice. Epitope-pulsed GM-CSF/IL-4 expanded DC and **mock-pulsed" ProGP 
derived DC were also tested for comparison. Seven days after receiving the 
primary immunization with DC, animals were boosted with the same DC 
populations. At fourteen days after the primary immunization, spleen cells 
from immunized animals were restimulated twice in vitro in the presence of 
the Pol 455 peptide. CTL activity following restimulations was measured 
using a standard ^^Cr release assay m which the lysis of ^^Cr-labeled HLA- 
A2.1-transfected Jurkat target cells was measured in the presence (circle 
symbols) or absence of peptide (square symbols). The data points shown in 
Panels A-C represent a composite of lytic activity from a triplicate set of 
cultures. Panel A, splenic DC from ProGP (SD-9427) treated animals pulsed 
with the HBV Pol 455 peptide. Panel B, GM-CSF/IL-4 expanded DC pulsed 
with HBV Pol 455 peptide. Panel C, mock-pulsed DC from ProGP treated 
animals. Studies were perfomied at Epimmune Lac, San Diego, CA. 

[0025] Figure 5 presents a schematic of a dendritic cell pulsing and testing 

procedure. 

10026] Figure 6 shows that CEA241K10-specific CTLs recognize analog and 

}yildtype pg)tide-pi4sed targets.^ .Individual cultures -were, tested againstEHM . 
without peptide (open bar), EHM pulsed with CEA,241K10 (hatched bar) and 
with EHM pulsed with CEA.241 (solid bar). A positive response was 
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50pg/well above backgroiind and twice background Well number 48 is 
negative and is included only for comparison. 
[00271 Figure 7 shows that p53.172B5K10-specijac CTLs recognize analog 

and wildtype peptide-pulsed targets and transfected tumor target cells. 
Individual cultures were tested against EHM without peptide (open bar), EHM 
pulsed with p53.172B5K10 (hatched bar), and EHM pulsed with p53.172 
(solid bar), SW403 (A3+/p53-, dotted bar) or SW403 transfected with p53 
(A3+/p53+, crosshatched bar). A positive response was defined as one in 
which the specific lysis (sample - background) was 10% or higher. Well 
number 1 is negative and is included only for comparison. 

DETAILED DESCRIPTION OF THE INVENTION 

[0028] This invention provides peptides that can be used to monitor an immune 

response to a tumor associated antigen or to create a cancer vaccine that stimulates 
the cellular arm of the immune system, especially when one or more peptides are 
combined. In particular embodiments, compositions mediate immune responses 
against tumors in individuals who bear at least one allele of HLA-Al, HLA-Al 
supertype, and^orHLA-A2, HLA-A2 supertype, and/or HLA-A3, HLA-A3 siq)ertype, 
and/or HLA-A24, HLA-A24 supertype, and/or, -B7, -B7 supertype, and/or -B44,- - 
B44 super^T)e (see Table 5 for a listing of the members of these and other supertypes 
and types); such conipositions will generally be referred to as Al, A2, A3, A24, B7, 
or B44, compositions (or combinations fhereoQ. 

[0029] An A2, A3, B7, A24, Al, and/or B44 composition may, for example, 

act as a vaccine to stimulate the immune system to recognize and kill tumor 
cells, leading to increased quality of life, and/or disease-firee or overall 
survival rates for patients treated for cancer, hi a preferred embodiment, a 
composition of the invention such as a vaccine will be administered to HLA- 
A2 or HLA-A2 supertype, HLA-A3 or HLA-A3 supertype, -B7 or -B7 
supertype, B-44 or -B44 supertype, -A24 or -Al positive individuals who 
have a cancer that expresses at least one of the TAAs from which the epitopes 
or analogs were selected (e.g., CEA, p53, HER2/neu, MAGE2/3), examples of 
such cancers beiiig breast, colon, lung, and gaistric cancers and for MAGE 2/3," 
some melanomas. Alternative embodiments of a vaccine are directed at 
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patients who bear additional HLA alleles, or who do not bear an A2, A3, B7, 
A24, B44, and/or Al allele at all. Thereby, an A2, A3, B7, A24, B44, and/or 
Al vaccine improves the standard of care for patients being treated for breast, 
colon, lung, or gastric cancers, or melanoma. 
[0030] The peptides and corresponding nucleic acids and compositions of the 

present invention are useful for stimulating an immune response to TAAs by 
stimulating the production of CTL and optionally HTL responses, e.g. 
therapeutic prophylaxis, and are also useful for monitoring an immune 
response, e.g., diagnosis and prognosis. The peptides, which contain A2, A3, 
B7, A24, Al and/or B44 epitopes derived directly or indirectly (i.e. by 
analoging) from native TAA protein amino acid sequences, are able to bind to 
HLA molecules and stimulate an immune response to TAAs. The complete 
sequence of the TAAs proteins to be analyzed can be obtained from GenBank. 
See Table 25. 

[0031] The epitopes of the invention have been identified in a number of 

waj^, as will be discussed below. Also discussed in greater detail is that 
analogs have been derived m which the bmding activity for HLA molecules 
was modulated by modifying specific amino acid residues to create analogs 
which exhibit altered improved) immunogenicity. Further, the present 
invention provides peptides, polynucleotides, and compositions that are 
capable of interacting with HLA molecules encoded by various genetic alleles 
to provide broader population coverage than prior compositions, for 
prophylaxis, therapy, diagnosis, prognosis, etc. 

Definitions 

[0032] The invention can be better understood with reference to the following 

definitions: 

[0033] Throughout this disclosure, "bmding data" results are often expressed 

in terms of "ICso's." IC50 is the concentration of peptide in a binding assay at 
which 50% inhibition of binding of a reference peptide is observed. Given the 
conditions in which the assays are run-(i.e., limiting HLA proteins and labeled - 
peptide concentrations), these values 25)proximate Kd values. Assays for 
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deteraiining binding are described in detaU, e,g., in PCX publications 
WO 94/20127 and WO 94/03205, and other pubHcations such Sidney et al. 
Current Protocols in Immunology 18.3.1 (1998); Sidney, et aU J. Immunol 
154:247 (1995); and Sette, et al., Mol Immunol. 31:813 (1994). It should be 
noted that IC50 values can change, often dramatically, if the assay conditions 
are varied, and depending on the particular reagents used {e.g., HLA 
preparation, etc). For example, excessive concentrations of HLA molecules 
will increase the apparent measured IC50 of a given ligand. 
[0034] Alternatively, binding is expressed relative to a reference peptide. 

Although as a particular assay becomes more, or less, sensitive, the ICso's of 
the peptides tested may change somewhat, the binding relative to the reference 
peptide will not significantly change. For example, in an assay run under 
conditions such tiiat the IC50 of the reference peptide increases 10-fold, the 
IC50 values of the test peptides will also shift approximately 10-fold. 
Therefore, to avoid ambiguities, the assessment of whether a peptide is a good 
(i.e. high), intermediate, weak, or negative binder is generally based on its 
IC50, relative to the IC50 of a standard peptide. The Tables included in this 
application present bmding data in a preferred biologically relevant form of 
ICsonM. 

[0035] Binding may also be determined using other assay systems including 

those using: live cells (e.g.y Cqjpellini et al. Nature 339:392 (1989); 
Christnick et al. Nature 352:67 (1991); Busch et al,, Int Immmol. 2:443 
(1990); Hill et al, J. Immunol UTA%9 (1991); del Guercio et al, J. Immunol 
154:685 (1995)), cell free systems using detergent lysates (e.g., Cerundolo et 
al, J. Immunol 21:2069 (1991)), immobilized purified MHC (e.g., HiU et al, 
J. Immunol 152, 2890 (1994); Marshall et al, J. Immunol 152:4946 (1994)), 
ELISA systems (e.g., Reay et al, EMBO J. 11:2829 (1992)), surface plasmon 
resonance (e.g., Khilko et al, J. Biol Chem. 268:15425 (1993)); high flux 
soluble phase assays (Hammer et al, J. Exp. Med. 180:2353 (1994)), and 
measurement of class I MHC stabilization or assembly (e.g., Ljunggren et al. 
Nature 346:476 (1990); Schumacher et al. Cell 62:563 (1990); Townsend et 
ai:. Cell 62:285 (1990); Parker^r a?., J. Immunol 149:1896 (1992)). 
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[0036] As used herein, *lugh aflSnity'' with respect to HLA class I molecules 

is defined as binding with an IC50 or Kd value, of 50 nM or less, "intermediate 
aflSnity" is binding with an IC50 or Kd value of between 50 and about 500 nM, 
weak aflSnity is binding with an IC50 or Kd value of betsveen about 500 and 
about 5000 nM. '^High afifinity" with repect to binding to HLA class n 
molecules is defined as binding with an IC50 or Kd value of 100 nM or less; 
"intermediate afBnity" is binding with an IC50 or Kd value of between about 
100 and about 1000 nM. 

[0037] A "computer*' or "computer system" generally includes: a processor 

and related computer programs; at least one information storage/retrieval 
apparatus such as a hard drive, a disk drive or a tape drive; at least one input 
apparatus such as a keyboard, a mouse, a touch screen, or a microphone; and 
display structure, such as a screen or a printer. Additionally, the computer 
may include a communication channel in communication with a. network. 
Such a computer may include more or less than what is listed above. 

[0038] "Cross-reactive bmding" mdicates that a peptide is bound by more than . 

one HLA molecule; a synonym is degenerate binding. 

[0039] A "cryptic epitope" elicits a response by immunization with an isolated 

peptide, but the response is not cross-reactive in vitro when intact whole 
protein, which comprises the epitope, is used as an antigen. 

[0040] The term "derived" when used to discuss an epitope is a synonym for 

^'prepared." A derived epitope can be isolated firom a natural source, or it can 
be synthesized in accordance with standard protocols in the art. Synthetic 
epitopes can comprise artificial amino acids "amino acid mfanetics," such as D 
isomers of natural occurring L amino acids or non-natural amino acids such as 
cyclohexylalanine. A derived/prepared epitope can be an analog of a native 
epitope. 

[0041] A "diluent" includes sterile liquids, such as water and oils, including 

those of petroleum, animal, vegetable or synthetic origin, such as peanut oil, 
soybean oil, mineral oil, sesame oil and the like. Water is a preferred diluent 
for pharmaceutical compositions. SaUne solutions and aqueous dextrose and 
glycerol sdlufiohs can also be employed as diluents, particularly for mjectable 
solutions. 
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[0042] A "dominant epitope" is an epitope that induces an immune response 

vpon immunization with a whole native antigen (see, e.g., Sercarz, et aL, 
Annu. Rev. Immunol 11:729-766, 1993). Such a response is cross-reactive in 
vitro with an isolated peptide epitope. 

[0043] An "epitope" is the collective features of a molecule, such as primary, 

secondary and tertiary peptide structure, and charge, that together form a site 
recognized by an immunoglobulin, T cell receptor or HLA molecule. 
Alternatively, an epitope can be defined as a set of amino acid residues which 
is involved in recognition by a particular immunoglobulin, or in the context of 
T cells, those residues necessary for recognition by T cell receptor proteins 
and/or Major ffistocompatibility Complex (MHC) receptors. Epitopes are 
present in nature, and can be isolated, purified or otherwise prepared/derived 
by humans. For example, epitopes can be prepared by isolation fiom a natural 
source, or they can be synthesized in accordance with standard protocols in the 
art. Synthetic epitopes can comprise artificial amino acids, "amino acid 
mimetics," such as D isomers of naturally-occurring L amino acids or non- 
naturally-occuring amino acids such as cyclohexylalanine. Throughout this 
disclosure, epitopes may be referred to in some cases as peptides. The 
epitopes and analogs of the invention are set forth in Tables 16A-23 and B44 
Table. 

[0044] It is to be appreciated that proteins or pqptides that comprise an epitope 

or an analog of the invention as well as additional amino acid(s) are still 
within the bounds of the invention. In certain embodiments, the peptide 
comprises a fragment of an antigen. A "fi-agment of an antigen'' or "antigenic 
firagmenf or simply "fragmenf is a portion of an antigen which has 100% 
, identity with a wild type antigen or naturally-ocuixing variant thereof The 
fi-agment may or may not comprise an epitope of the invention. The fragment 
may be less than or equal to 600 amino acids, less than or equal to 500 amino 
acids, less than or equal to 400 amino acids, less than or equal to 250 amino 
acids, less than or equal to 100 amino acids, less than or equal to 85 amino 
acids, less than or equal to 75 amino acids, less than or equal to 65 amino 
acids, or less than or equal to 50 amino acids in length. In certain 
embodiments, a firagment is e.g., less than 101 or less than 51 ammo acids in 
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length, in any increment down to 5 amino acids in length. For example, the 
fiagment may be 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 
23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 
44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 
65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 
86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100 amino acids in 
length. 

[0045] In certain embodiments, there is a limitation on the length of a peptide 

of the invention. The embodiment that is length-limited occurs when the 
protein/peptide comprising an epitope of the invention comprises a region 
(i.e., a contiguous series of amino acids) having 100% identity with a native 
sequence, hi order to avoid the definition of epitope fi-om reading, e.g,, on 
whole natural molecules, there is a limitation on the length of any region that 
has 100% identity with a native peptide sequence. Thus, for a peptide 
comprising an epitope of the invention and a region with 100% identity with a 
native peptide sequence, the region with 100% identity to a native sequence 
generally has a length of: less than or equal to 600 amino acids, often less than 
or equal to 500 amino acids, often less than or equal to 400 amino acids, often 
less than or equal to 250 amino acids, often less than or equal to 100 amino 
acids, often less than or equal to 85 amino acids, often less than or equal to 75 
amino acids, often less than or equal to 65 anoino acids, and often less than or 
equal to 50 amino acids. In certain embodiments, an ''epitope" of the 
invention is comprised by a peptide having a region with less than 51 amino 
acids that has 100% identity to a native peptide sequence, in any increment 
down to 5 amino acids. 

[0046] Accordingly, peptide or protein sequences longer than 600 amino acids 

are within the scope of the invention, so long as they do not comprise any 
contiguous sequence of more than 600 amino acids that have 100% identity 
with a native peptide sequence. For any peptide that has five contiguous 
residues or less that correspond to a native sequence, there is no limitation on 
the maximal length of that peptide in order to fall within the scope of the 
invention. It is presently preferred that a peptide of the invention (e,g., a 
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peptide comprising an epitope of the invention) be less than 600 residues long 
in any increment down to eight amino acid residues. 

[0047] "Human Leukocyte Antigen" or «HLA" is a human class I or class H 

Major ffistocompatibility Complex (MHC) protein {see, eg., Stites, et al. 
Immunology, 8™ Ed., Lange Publishing, Los Altos, CA (1994). 

[0048] An 'BLA supertype or HLA family", as used herein, describes sets of 

HLA molecules grouped on the basis of shared peptide-binding specificities. 
HLA class I molecules that share somewhat similar binding afSnity for 
peptides bearing certain amino acid motifs are grouped into such HLA 
supertypes. The terms HLA superfamily, HLA supertype family, HLA family, 
and HLA xx-Uke molecules (where "xx" denotes a particular HLA type), are 
synonyms. See Tables 14-23 plus B44 Table. 

[00491 As used herein, "high affinity" with respect to HLA class I molecules 

is defined as binding with an IC50, or Kd value, of 50 nM or less; 
"intermediate afiSnity" is blading with an IC50 or Kd value of between about 
50 and about 500 nM; •'weak aflanity*' is binding with an IC50 or Kd value 
between about 500 and about 5000 nM. "High afiSnity" with respect to 
binding to HLA class n molecules is defined as binding wifli an IC50 or Kd^ 
value of 100 nM or less; "intermediate.a£Bnity" is binding with an IC50 or Kd 
value of between about 100 and about 1000 nM. See 'n>indmg data." 

[0050] An "IC50" is the concentration of peptide in a binding assay at which 

50% inhibition of binding of a reference pqptide is observed. Given the 
conditions in which the assays are run (i.e., hmiting HLA proteins and labeled 
peptide concentrations), these values approximate Kd values. See '^binding 
data." 

[0051] The terms "identical" or percent "identity," in the context of two or 

more peptide sequences or antigen firagments, refer to two or more sequences 
or subsequences that are the same or have a specified percentage of amino 
acid residues that are the same, , when compared and aligned for maximum 
correspondence over a comparison window, as measured using a sequence 
comparison algorithm or by manual aligmnent and visual mspection. 

[0^2] "An "immunogenic" peptide or an "immunogenic" epitope or 'peptide 
epitope" is a peptide that comprises an allele-specific motif or si5)emiotif such 
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that the peptide will hind an HIA molecule and induce a CTL and/or HTL 
response. Thus, inununogeaic pq)tides of the invention are capable of binding 
to an appropriate HLA molecule and thereafter inducing a cytotoxic T 
lymphocyte (CTL) response, or a helper T lymphocyte (HTL) response, to the 
peptide. 

[0053] The phrases "isolated" or "biologically pure" refer to material which is 

substantially or essentially fi:ee from components which normally accompany 
the material as it is found in its native state. Thus, isolated peptides in 
accordance with the invention preferably do not contain materials normally 
associated with the peptides in their in situ environment An "isolated" 
epitope refers to an epitope that does not include the whole sequence of the 
antigen or polypeptide from which the epitope was derived. Typically the 
"isolated" epitope does not have attached thereto additional amino acids that 
result in a sequence that has 100% identity with a native sequence. The native 
sequence can be a sequence such as a tumor-associated antigen from which the 
epitope is derived. Thus, the term "isolated" means that the material is 
removed from its original environment (e.g., the natural environment if it is 
naturally occurring). For example, a naturally-occurring polynucleotide or 
peptide present in a living animal is not isolated, but the same polynucleotide 
or peptide, separated from some or all of the coexisting materials in the natural 
system, is isolated. Such a polynucleotide could be part of a vector, and/or 
such a polynucleotide or peptide could be part of a composition, and still be 
''isolated" in that such vector or composition is not part of its natural 
environment. Isolated RNA molecules include in vfvo or in vitro RNA 
transcripts of the DNA molecules of the present invention, and frulher include 
such molecules produced synthetically. 

[0054] "M^or Histoconqjatibility Complex" or '*MHC" is a cluster of genes 

that plays a role in control of the cellular interactions responsible for 
physiologic immune responses. In humans, the MHC complex is also known 
as the human leukocyte antigen (HLA) complex. For a detailed description of 
the MHC and HLA complexes, see, Paul, FUNDAMENTAL 
immunology; 3^Ed., RaVen Press; New Yotk (1993). 
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[0055] The term "motif' refers to a pattern of residues in an amino acid 

sequence of defined length, preferably a peptide of less than about 15 amino 
acids in length, or less than about 13 amino acids in length, usually from about 
8 to about 13 amino adds {e.g., 8, 9, 10, 11, 12, or 13) for a class I HLA motif 
and from about 6 to about 25 amino acids (eg-., 6, 7, 8, 9, 10, 11, 12, 13, 14, 
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25) for a class E HLA motif, which is 
recognized by a particular HLA molecule. Motifs are typically different for 
each HLA protein encoded by a given human HLA allele. These motife often 
dijBFer in their pattern of the primary and secondary anchor residues. See 
Tables 2-4. 

[0056] A "native" or a '*wild type" sequence refers to a sequence found in 

nature. 

[0057] A "negative binding residue" or "deleterious residue" is an amino acid 

which, if present at certain positions (typically not primary anchor positions) 
in a peptide epitope, results in decreased binding afiSnity of the peptide for the 
peptide's corresponding HLA molectde. 

[0058] The term "peptide" is used interchangeably wifli "oligopeptide" in the 

present specification to designate a series of residues, typically L-amino acids, 
connected one to the other, typically by peptide bonds between the a-amino 
and carboxyl groups of adjacent amino acids. 

[0059] A "PanDR binding" peptide or "PADRE®" peptide (Epimmune, San 

Diego, CA) is a member of a family of molecules that binds more than one 
HLA class n DR molecule. The pattern that defines the PADRE® family of 
molecules can be referred to as an HLA Class n supennotif A PADRE® 
molecule binds to HLA-DR molecules and stimulates in vitro and in vivo 
human helper T lymphocyte (HTL) responses. For a fiirther definition of the 
PADRE® family, see copeading application US serial Nos. 09/709,774, filed 
November 11, 2000; and 09/707,738, filed November 6, 2000; PCT 
publication Nos WO 95/07707, and WO 97/26784; U.S. Patent Nos. 5,736,142 
issued April 7, 1998; 5,679,640, issued October 21, 1997; and 6,413,935, 
issued July 2, 2002. 
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[0060] "Phaimaceiitically acceptable" refers to a generally non-toxic, inert, 

and/or physiologically compatible composition or component of a 
composition. 

[0061] A "pharmaceutical excipienf ' or "excipienf ' comprises a material such 

as an adjuvant, a carrier, pH-adjusting and buffering agents, tonicity adjusting 
agents, wetting agents, preservatives, and the lilce. A '^pharmaceutical 
excipient" is an excipient which is pharmaceutically accq)table. 

[0062] A "primary anchor residue" is an amino acid at a specific position 

along a peptide sequence which is und^stood to provide a contact point 
between the hmnunogenic peptide and the HLA molecule. One, two or three, 
primary anchor residues within a peptide of defined length generally defines a 
"motif' for an immunogenic peptide. These residues are understood to fit in 
close , contact with peptide binding grooves of an HLA molecule, with their 
side chains buried in specific pockets of the binding grooves themselves, hi 
one embodiment of an HLA class I motif, the primary anchor residues are . 
located at position 2 (fi:om the amino terminal position) and at the carboxyl 
terminal position of a peptide epitope in accordance with the invention. The 
primary anchor positions for each motif and sipermotif of HLA Class I are set 
forth in Tiible 14. For example, analog peptides can be created by altering the 
presence or absence of particular residues in these anchor positions. Such 
analogs are used to modulate the binding affinity of an epitope comprising a 
particular motif or supermotLf. 

[0063] "Promiscuous recognition" by a TCR is where a distinct peptide is 

recognized by the various T cell clones in tiie context of various HLA 
molecules. Promiscuous bmding by an HLA molecule is synonymous with 
cross-reactive binding. 

[0064] A ^'protective immune response" or **therapeutic immune response" 

refers to a CTL and/or an HTL response to an antigen derived firom an 
patiiogenic antigen (e.g., an antigen firom an infectious agent or a tumor 
antigen), which in some way prevents or at least partially arrests disease 
symptoms, side effects or progression. The immune response may also 
include an antibody response wbichTias t>een facifitated b/ t^^ stimiilalion bf~ 
helper T cells. 
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[0065] The tenn "residue" refers to an amino acid or amino add mimetic 

incorporated into a peptide or protein by an amide bond or amide bond 
mimetic. 

[00661 A "secondary anchor residue" is an amino acid at a position other than 

a primary anchor position in a peptide which may influence peptide binding. 
A secondary anchor residue occurs at a significantly higher firequency amongst 
HLA-bound peptides than would be expected by random distribution of amino 
acids at a given position. A secondary anchor residue can be identified as a 
residue which is present at a higher fi-equency . among high or intermediate 
affinity binding peptides, or a residue otherwise associated with high or 
intermediate affinity binding. The secondary anchor residues are said to occur 
at "secondary anchor positions." For example, analog peptides can be created 
by altering the presence or absence of particular residues in these secondary 
anchor positions. Such analogs are used to finely modulate the binding 
affinity of an qpitope comprising a particular motif or s\q)emiotif. The 
terminology "fixed peptide" is generally used to refer to an analog peptide that 
has changes in primary anchore position; not secondary. 
[0067] A "subdominant epitope" is an qpitqpe which evokes little or no 
response upon immunization with a whole antigen or a fiagment of the whole 
antigen comprising a subdominant epitope and a dominant epitope, which 
comprise the epitope, but for which a response can be obtained by 
immunization with an isolated peptide, and this response (unlike the case of 
cryptic epitopes) is detected when whole antigen or a firagment of the whole 
antigen comprising a subdominant qpitope and a dominant q)itope is used to 
recall the response in vitro or in vivo. 
[0068] A "siq)ermotif' is a pepMe binding specificity shared by HLA 

molecules encoded by two or more HLA alleles. Preferably, a supennotif- 
bearing peptide is recognized with hi^ or intermediate affinity (as defined 
herein) by two or more HLA antigens. 
[0069] "Synthetic peptide" refers to a peptide Aat is abtained from a non- 

natural source, e.g., is man-made. Such peptides may be produced using such 
rnelhods as chemical synthesis or recombinant DNA technology, "Synthetic 
peptides" include "fiision proteins." 
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[0070] As used herein, a 'Vaccine'' is a composition used for vaccination, e.g., 

for prophylaxis or th^apy, that comprises one or more peptides of the 
invention. There are numerous emhodiments of vaccines in accordance with 
the invention, such as by a cocktail of one or more peptides; one or more 
peptides of the invention comprised by a polyepitopic peptide; or nucleic acids 
that encode such pqptides or polypeptides, eg., a mioigCTe that encodes a 
polyepitopic peptide. The "one or more peptides" can include any whole unit 
integer from 1-150, e.g., at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 
37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 
58, 59, 60, 65, 70, 75, 80, 85, 90, 95, 100, 105, 110, 115, 120, 125, 130, 135, 
140, 145, or 150 or more peptides of the invention. The peptides or 
polypeptides can optionally be modified, such as by Kpidation, addition of 
targeting or other sequences. HLA class I-binding peptides of the invention 
can be linked to HLA class H-binding peptides, e.g., a PADRE® universal 
HTL-bindind peptide, to facilitate activation of both cytotoxic T lymphocytes 
and helper T lymphocytes. Vaccines can comprise peptide pulsed antigen 
presenting cells, e.g., dendritic cells. 

[0071] The nomenclature used to describe peptides/proteins follows the 

conventional practice wherein the amino group is presented to the left (the N- 
tenninus) and the caiboxyl group to the right (the C-terminus) of each amino 
acid residue. When amino acid residue positions are referred to in a peptide 
epitope they are numbered in an amino to carboxyl direction with position one 
being the position closest to the amino terminal end of the epitope, or the 
peptide or protein of which it may be a part. In the formulae representing 
selected specific embodiments of the present invention, the amino- and 
carboxyl-tenninal groups, although not specifically shown, are in the form 
they would assume at physiologic pH values, unless otherwise specified. In 
the amino acid structure formulae, each residue is generally represented by 
standard three letter or smgle letter designations. The L-form of an amiao acid 
residue is represented by a capital single letter or a coital first letter of a 
" three^ettbr s)TObbi;^ and the D-foiM fbftbib^e amino acids"having^ 
represented by a lower case single letter or a lower case three letter symbol. 
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However, when three letter symbols or full names are used without capitals, 
they may refer to L amino acids. Glycine has no asymmetric carbon atom and 
is simply referred to as "Gly" or "G". The amino acid sequences of peptides 
set forth herein are generally designated using the standard single letter 
symbol. (A, Alanine; C, Cysteine; D, Aspartic Acid; E, Glutamic Acid; F, 
Phenylalanine; G, Glycine; H, Histidine; I, Isoleucine; K, Lysine; L, Leucine; 
M, Methionine; N, Asparagine; P, ProUne; Q, Glutamine; R, Arginine; S, 
Serine; T, Threonine; V, Valine; W, Tryptophan; and Y, Tyrosine.) hi 
addition to these symbols, "B"in the smgle letter abbreviations used herem 
designates a-amino butyric acid. In some embodiments, a-amino butyric acid 
may be replaced with cysteine. 



Acronyms used herein are as follows: 



APC: 
CD3; 
CD4: 
CDS: 
CEA: 
CTL: 
DC: 



DLT: 

DMSO: 

ELISA: 

E:T: 

G-CSF: 

GM-CSF: 

HBV: 

HER2/neu: 

HLA: 

HLA-DR: 

HPLC: 

HTC: 

HTL: 

ID: 

lENy: 

IL^: 

IV: 

LU3o%: 



Antigen presenting cell 

Pan T cell marker 

Helper T lymphocyte marker 

Cytotoxic T lymphocyte marker 

Carcinoembryonic antigen (see, e.g., SEQ ID NO: 363) 

Cytotoxic T lymphocyte 

Dendritic cells. DC functioned as potent antigen presenting cells by 
stimulating cytokine release from CTL lines that were specific for a 
model peptide derived from hepatitis B vims. In vivo experiments, 
using DC pulsed ex vivo with an HBV peptide epitope have 
stimulated CTL immune responses in vivo following deUvery to 
naive mice. 

Dose-limiting toxicity, an adverse event related to therapy. 
Dimethylsulfoxide 

Enzyme-linked inmiunosorbant assay 

Effector:Target ratio 

Granulocyte colony-stimulating factor 

Granulocyte-macrophage (monocyte)-colony stimulating factor 

Hepatitis B virus 

A tumor associated antigen; c-erbB-2 is a synonym (see, e.g., SEO 
ID NO: 364) 

Human leukocyte antigen 
Human leukocyte antigen class n 
High Performance Liquid ChromatograplQr 
Helper T Cell 

Helper T Lymphocyte. A synonym for HTC. 
Identity 

Interferon gamma 
-Interleukmr4,.,.-, 
Intravenous 

Cytotoxic activity for 10^ effector cells required to achieve 30% lysis 
of a target cell population, at a 100:1 (E:T) ratio. 
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MAb: 


Monoclonal antibody 


MA(jB: 


Melanoma antigen (see, e.g., SEQ ID NO: 365 and 366 lor MACjIsZ 




andMAGE3) 


MIJl: 


Mixed lymphocyte reaction 


MNC: 


Mononuclear cells 


PB: 


Peripheral blood 


PBMC: 


Peripheral blood mononuclear cell 


ProGP™: 


Progenipoietin™ product (Searle, St Louis, MO), a chimeric flt3/G- 




CSF receptor agonist. 


SC: 


Subcutaneous 


S.EM.: 


Standard error of the mean 


QD: 


Once a day dosing 


TAA: 


Tumor Associated Antigen 


TNF: 


Tumor necrosis &ctor 


WBC: 


White blood cells 



[0072] The following describes the peptides, corresponding nucleic acid molecules, 

compositions, and methods of the invention in more detail. 

A2, A3, B7, Al, A24 AND B44 PEPTIDES AND POLYNUCLEOTIDES OF 
TUMOR ASSOCIATED ANTIGENS 

[0073] A2, A3, B7, Al, A24 and B44 Epitopes and Analogs. In some 

embodiments, the invention is directed to an isolated peptide comprising or consisting 
of an epitope and/or analog. In some embodiments, the invention is directed to an 
isolated polynucleotide encoding such a pqptide. . 

[0074] The isolated epitopes and analogs of the invention are all class I 

binding peptides, i.e., CTL peptides. In particular, the epitopes and analogs of 
the invention comiprise an A2 motif or supermoti^ an A3 motif or siq}ermoti^ 
a B7 motif or supermotii^ a B44 motif or supermotif, an Al motif, or an A24 
motif. Epitopes and analogs of the invention are tihose set forth in Tables 6, 9 
and 10 (SEQ ID Nos:l-25), 16a.23 (SEQ ID NOs:42-362) and 26-30 (SEQ ID 
Nos:368-745). Preferred epitopes and analogs are set forth in Tables 10 (SEQ 
ID Nos:l, 3, 4, 5, 10, 17, 19, 20, 21, and 25) and 20-23 (SEQ ID NOs: 42, 44, 
46, 51, 52, 54, 55, 57, 60, 62, 67, 68, 69, 70, 73, 75, 77, 82, 90, 91, 96, 99, 
102, 103 104, 107, 111, 114, 116, 119, and 124; 133, 136, 140, 146, 153, 155, 
and 362; 161, 167, 170, 172, 178, 180, 181, 182, 186, 188, 189, 191, 194, 198, 
~ 200, 201, 108, 211, ^6^2^^^^^^ 
246; and 256, 263, 265, 269, 272, 278, 279, 281, 282, 285, 287, 290, 292, 293, 
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304, 305, 308, 310, 316, 321, 324, 325, 331-336, 344, 345, 351, 356, 361, and 
362; respectively ). Al, A2, A3, A24, B7 and B44 epitopes and analogs of the 
invention may be referred to herein as "epitopes" and "analogs'* or referred to 
by Table or referred to by SEQ ID NO. Other epitopes and analogs are 
referred to herein as CTL epitopes or CTL peptides and HTL epitopes or HTL 
peptides. 

[0075] Peptides and Polynucleotides. In some ^bodiments, the rovention 

is directed to an isolated peptide comprising or consisting of an epitope and/or 
analog, wherein the epitope or analog consists of a sequence selected from 
those in tables 6, 9, 10 (SEQ ID Nos:l-25), 16a-23 (SEQ ID NOs:42-362) and 
26-30 (SEQ ID Nos:368-745). 

[0076] Preferably, the peptide comprises or consists of an epitope or analog 

consisting of a sequence in Tables 10, 20-23, or 26-30. 

[0077] Peptides of the invention may be fusion proteins of epitope(s) and/or 

analog(s) to CTL epitope(s), and/or HTL epitope(s), and/or linker(s), and/or 
spacer(s), and/or carrier(s), and/or additional amino acid(s), and/or may 
comprise or consist of homopolymers of an epitope or analog or 
heteropolymers of epitopes and/or analogs, as is described in detail below. 

[0078] Peptides which comprise an epitope and/or analog of the invention 

may comprise or consist of a fragment of an antigen ("fragment" or "antigenic 
fragment")) wherein die fragment comprises an epitope and/or analog. The 
fragment may be a portion of CEA, HER2/neu MAGE2, MAGE3, and/or p53 
(SEQ ID Nos:363-367, respectively). The epitope of the invention may be 
within the fragment or may be linked directly or indirectly, to the fragment 

[0079] The fragmrait may coiiq>rise or consist of a region of a native antigen 

that contains a high concentration of class I and/or class n epitopes, preferably 
it contains the greatest ntmiber of epitopes per amino acid length. Such 
epitopes can be present in a frame-shifted manner, e.g. a 10 amino acid long 
peptide could contain two 9 amino acid long epitopes and one 10 amino acid 
long epitope. 

[0080] The fragment may be less than or equal to 600 amino acids, less than 

"6r"equaLl to 500 aininb acids, le^s'fliii or equal to 400 amino acids,less^fi^ 
equal to 250 amino acids, less than or equal to 100 amino acids, less than or 
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equal to 85 amino acids, less than or equal to 75 antiino acids, less tban or 
equal to 65 anodno adds, or less than or equal to 50 amino acids in length. In 
certain embodiments, a fragment is less than 101 amino acids in length, in any 
increment down to 5 amino acids in length. For exan[q)le, the fragment may be 
5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 
27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 
48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 
69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 
90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100 amino acids in length. (See Table 
33). Fragments of ftiU length antigens may be fragments &om about residue 
1-20, 21^0, 41-60, 61-80, 81-100, 10M20, 121-140, 14M60, 161-180, 181- 
200, 201-220, 221-240, 241-260, 261-280, 281-300, 301-320, 321-340, 341- 
360, 361-380, 381-400, 401-420, 421-440, 441-460, 461-480, 481-500, 501- 
520, 521-540, 541-560, 561-580, 581-600, 601-620, 621-680, 681-700, 701- 
720, 721-740, 741-780, 781-800, 801-820, 821^840, 841-860, 861-880, 881- 
900, 901-920, 921-940, 941-960, 961-980, 981 to the C-terminus of the 
antigen. 

[0081] Peptides which conqmse an epitope and/or analog of the invention may be a 
fusion protein comprising one or more amino acid residues in addition to the q)itope, 
analog, or fragment. Fusion proteins include homopolymers and heteropolymers, as 

described below. 

[0082] In some embodiments, the peptide comprises or consists of multiple epitopes 
and/or analogs, e.g., 2, 3, 4, 5, 6, 7, 8, 9, 10, 1 1, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 
22, 23, 24, or 25 epitopes and/or analogs of the invention. In other embodiments, the 
peptide comprises or consists of 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 
40, 41, 42, 43, 44, 45, 46, 47. 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 
63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 
86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100 epitopes and/or analogs of 
the invention. In some embodiments, the peptide conq)rises at least 1, at least 2, at 
least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at 
least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 
18, at least 19, at least 20, at least 21, at least 22, at least 23, at least 24, at least 25 
—epitopes, and/or analogs-ofthe-invention. • 
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[0083] For exan^le, the peptide may comprise or consist of at least 1 , at least 2, at least 

3, at least 4, or all 5 CEA epitopes and/or analogs from Table 6; at least 1, at least 2, 
at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, or all 10 
HER2/neu epitopes and/or analogs of Table 6; at least 1, at least 2, at least 3, at least 

4, or all 5 MAGE2/3 epitopes and/or analogs from Table 6; at least 1, at least 2, at 
least 3, at least 4, or all 5 p53 epitopes and/or analogs from Table 6. The peptide may 
comprise or consist of at least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at 
least 7, at least 8, at least 9, at least 10, at least 1 1, at least 12, at least 13, or all 14 
epitopes and/or analogs from Table 16a; at least 1, at least 2, at least 3, at least 4, at 
least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 1 1, at least 12, at 
least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least 19, or aU 20 
epitopes and/or analogs from Table 16b; at least 1, at least 2, at least 3, at least 4, at 
least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 1 1, at least 12, at 
least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least 19, at least 
20, at least 21, at least 22, at least 23, at least 24, at least 25, at least 26, at least 27, or 
all 28 epitopes and/or analogs from Table 16c; at least 1, at least 2, at least 3, at least 
4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 11, at least 
12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least 19, at 
least 20, at least 21, at least 22, at least 23, at least 24, or all 25 epitopes and/or 
analogs from Table 16d. The peptide may comprise or consist of at least 1, at least 2, 
at least 3, at least 4, or all 5 epitopes and/or analogs from Table 17a; at least 1, at least 
2, at least 3, at least 4, at least 5, or all 6 epitopes and/or analogs from Table 17b; at 
least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 
9, at least 10, at least 1 1, at least 12, at least 13, of all 14 epitopes and/or analogs from 
Table 17c; at least 1, at least 2, at least 3, or all 4 epitopes and/or analogs from Table 
17A The peptide may coniprise or consist of at least 1, at least 2, at least 3, at least 4, 
at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 1 1, at least 12, 
at least 13, at least 14, at least 15, at least 16/ at least 17, at least 18, at least 19, at 
least 20, at least 21, at least 22, at least 23, at least 24, at least 25, at least 26, or all 27 
epitopes and/or analogs from Table 18a; at least 1, at least 2, at least 3, at least 4, at 
least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 1 1, at least 12, at 
least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least 19, at least 
20, at least 21, at least 22, at least 23, or all 24 epitopes and/or analogs from Table 

^.1^? 2, at least 3, at le^ 4, at least 5, at least 6, at least 7. at least 8, 
at least 9, at least 10, at least 1 1, at least 12, at least 13, at least 14, at least 15, at least 
16, at least 17, at least 18, at least 19, at least 20, at least 21, at least 22, at least 23, at 
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least 24, at least 25, at least 26, at least 27. or all 28 epitopes and/or analogs fiom 
Table 18c; at least 1, at least 2, at least 3, at least 4, at least 5. at least 6, at least 7, at 
least 8, at least 9, or all 10 epitopes and/or analogs from Table 18d. The peptide may 
comprise or consist of at least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at 
least 7, at least 8, at least 9, at least 10, at least 11, at least 12, at least 13, at least 14, 
at least 15, at least 16, at least 17. at least 18. at least 19, at least 20, at least 21. at 
lea^22, at least 23, at least 24. at least 25. at least 26, at least 27, at least 28. at least 
29, at least 30, at least 31, at least 32, at least 33. at least 34, at least 35, at least 36, at 
least 37. at least 38. at least 39, at least 40. at least 41, at least 42, at least 43, at least 
44, or all 45 epitopes and/or analogs from Table 19a; at least 1, at least 2, at least 3, at 
least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 1 1, at 
least 12, at least 13, at least 14, at least 15, at least 16, at least 17. at least 18, at least 
19, at least 20, or all 21 epitopes and/or analogs from Table 19b; at least 1, at least 2. 
at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at 
least 1 1, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 
18, at least 19, at least 20, at least 21, at least 22, at least 23, at least 24, at least 25, at 
least 26, at least 27, at least 28, at least 29, at least 30, at least 3 1, at least 32, at least 
33, at least 34, at least 35, at least 36, at least 37, at least 38, at least 39, or all 40 
epitopes and/or analogs from Table 19c; at least 1. at least 2, at least 3, at least 4, at 
least 5, at least 6. at least 7. at least 8, or all 9 epitopes and/or analogs from Table 19d. 
The peptide may comprise or consist of at least 1, at least 2, at least 3, at least 4, at 
least 5. at least 6, at least 7, at least 8, at least 9, at least 10, at least 1 1, at least 12, at 
least 13. at least 14. at least 15. at least 16. at least 17, at least 18. at least 19, at least 
20. at least 21, at least 22, at least 23, at least 24, at least 25. or at least 26 of the 
epitopes and/or analogs fiom Table 26. 27. 28, 29, or 30, 
10084] The peptide m^ preferably con^wise or consist of at least 1 or aU 2 CEA. 
epitopes/analogs of Table 9; at least 1 or all 2 HER2Aieu epitopes/analogs of Table 9; 
at least 1 or all 2 MAGE2/3 epitopes/analogs of Table 9; at least 1 or all 2 p53 
epitopes/analogs of Table 9. The peptide may preferably comprise or consist of at 
least 1, at least 2, at least 3, at least 4, at least 5, at least 6. or all 7 CEA 
epitopes/analogs of Table 20; at least 1, at least 2, at least 3, at least 4, at least 5, at 
least 6, at least 7, at least 8, or all 9 HER2/neu epitopes/analogs of Table 20; at least 
1, at least 2. at least 3, at least 4. at least 5, at least 6, at least 7, or all 8 MAGE2/3 
... gpitopes/analogs of Table 20; at least 1, at le as t 2. at least 3. at least 4. atj^asj 5u*t_- 
ieast 6, or all 7 p53 epitopes/analogs of Table 20. The peptide may prefoably 
conqnise or consist of at least the CEA epitope/analog of Table 21; at least the 
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HER2/neu epitope/analog of Table 21; at least 1, at least 2, at least 3, or all 4 
MAGE2/3 epitopes/analogs of Table 21; at least the p53 epitope/analog of Table 21. 
The peptide may preferably comprise or consist of at least 1, at least 2, at least 3, at 
least 4, at least 5, at least 6, at least 7, or all 8 CEA epitopes/analogs of Table 22; at 
least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, or all 9 
HER2/neu epitopes/analogs of Table 22; at least 1, at least 2, at least 3, at least 4, at 
least 5, at least 6, at least 7, or all 8 MAGE2/3 epitopes/analogs of Table 22; at least 
1, at least 2, at least 3, at least 4, or all 5 p53 epitopes/analogs of Table 22. The 
peptide may preferably comprise or consist of at least 1, at least 2, at least 3, at least 
4, at least 5, at least 6, at least 7, at least 9, qat least 10, at least 11, or all 12 CEA 
epitopes/analogs of Table 23; at least 1, at least 2, at least 3, at least 4, at least 5, or all 
6 HER2/neu epitopes/analogs of Table 23; at least 1, at least 2, at least 3, at least 4, at 
least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 1 1, at least 12, or 
all 13 MAGE2/3 epitopes/analogs of Table 23; at least 1, or all 2 p53 
epitopes/analogs of Table 23. 

[0085] The peptide may comprise or consist of flie combinations above and below, and 
may also exclude any one or several epitopes and/or analogs selected from those in 
Tables 6, 9, 10 (SEQ ID Nos:l-25), 16a-23 (SEQ ID NOS:42.362) and 26-30 (SEQ 
ID iNos:368-745). Epitopes/analogs which may preferably be excluded from peptides 
of the invention arc SEQ ID Nos:42, 60, 62, 67, 82, 86, 101, 116, 153, 362, 230, 265,* 
290, 321, 334, and 345. 

[0086] The peptide of the invention may comprise or consist of combinations of epitopes 
and/or analogs including: 

A3 CEA combinations such as: (a) SEQ ID NOs:42, 44, 46, 51, 52, 54, and 55; (b) 
SEQ ID NOs: 44, 46, 51, 52, 54, and 55; (c) SEQ ID NOs:46, 51, 52, 54, and 55; (d) 
SEQ ID NOs: 51, 52, 54, and 55; (e) SEQ ID NO: 52, 54, and 55; (f) SEQ ID NO: 54 

and 55; 

(g) SEQ ID NO: 44, 46, 51, 52, and 54; (h) SEQ ID NO: 44, 46, 51, and 52; (i) SEQ 
ID NO: 44, 46, and 51; and (j) SEQ ID NO: 44 and 46; 

G) SEQ ID NO: 44, 51, 52, 54, and 55; (m) SEQ ID NO: 44, 46, 52, 54, and 55; (n) 
SEQ ID NO: 44, 46, 51, 54, and 55; and (o) SEQ ID NO: 44, 46, 51, 52, and 55; 

A3 HER2/neu combinations such as: (a) SEQ ID NO:57, 60, 62, 67, 68, 69, 70, 73, 
" and 75;' (b) SEQ ID NO: 60,~62767, 68^^ 55 NO: 62^^ 67,"^ 
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68, 69, 70, 73, and 75; (d) 67, 68, 69, 70, 73, and 75; (e) 68, 69, 70, 73, and 75; (f) 
SEQ JD NO: 69, 70, 73, and 75; 

(g) SEQ ID NO: 70, 73, and 75; (h) SEQ m NO: 73 and 75; 

(i) SEQ ID NO: 57, 60, 62, 67, 68, 69, 70, and 73; (j) SEQ ID NO: 57, 60, 62, 67, 68, 

69, and 70; Qs) SEQ ID NO: 57, 60, 62, 67, 68, and 69; 0) SEQ ID NO: 57, 60. 62, 
67, and 68; 

(m) SEQ ID NO: 57, 60, 62, and 67; (n) SEQ ID NO: 57, 60, and 62; (o) SEQ ID NO: 
57 and 60; (p) SEQ ID NO: 57, 68, 69, 70, 73, and 75; (q) SEQ ID NO: 57, 60, 68, 
69, 70, 73, and 75; (r) SEQ ID NO: 57, 60, 62, 69, 70, 73, and 75; 
and (s) SEQ ID NO: 57, 60, 62, 67, 68, 73, and 75; 

A3 MAGE2/3 combinations such as: (a) SEQ ID NO:82, 90, 91, 96, 99, 102, and 
103; (b) SEQ ID NO: 90, 91, 96, 99, 102, and 103; (c) SEQ ID NO: 91, 96, 99, 102, 
and 103; (d) SEQ ID NO: 96, 99, 102, and 103; (e) SEQ ID NO: 99, 102, and 103; 

(f) SEQ ID NO: 102 and 103; 

(g) SEQ ID NO: 77, 82, 90, 91, 96, 99, and 102; (h) SEQ ID NO: 77, 82, 90, 91, 96, 
and 99; (i) SEQ ID NO: 77, 82, 90, 91, and 96; 0) SEQ ID NO: 77, 82, 90, and 91; 
(k) SEQ ID NO: 77, 82, 90, and 91, 96, 99, 102, and 103; (1) SEQ ID ON: 77, 82, and 
90; and (m) SEQ ID NO: 77 and 82; 

A3 p53 combinations such as: (a) SEQ ID NO: 107, 111, 114, 116, 119, and 124; (b) 

SEQ ED NO: 111, 114, 116, 119, and 124; (c) SEQ ID NO: 114, 116, 119, and 124; 

(d) SEQ ID NO: 116, 1 19, and 124; (e) SEQ ID NO: 1 19 and 124; 

(f) SEQ ID NO: 104, 107, 111, 114, 116, and 119; (g)SEQIDNO:104, 107, 111, 114, 

and 116; (h) SEQ ID NO:104, 107, 111, and 114; (i) SEQ ID NO:104, 107, and 111; 

0)SEQIDNO:104andl07; 

(k)SEQIDNO:104, 111, 114, 116, 119, and 124; (1) SEQ ID NO: 104, 107, 114. 116, 
119, and 124; (m) SEQ ID NO:104, 107, 111, 116, 119, and 124; (n) SEQ ID 
NO:104, 107, 111, 114, 116, and 124; 

B7 MAGE2/3 combinations such as: (a) SEQ ID NO: 146, 153, and 364; (b) SEQ ID 
NO: 153 and 364; (d) SEQ ID NO: 140, 146, and 153; (e) SEQ ID NO: 140, 146, and 
364; 

B7 combinations such as: (a) SEQ ID NQ: 133, 136. 140^ 146. 153, and.15.5; (b) SEQ. 
ID NO: 136, 140, 146, 153, and 155; (c) SEQ ID NO: 140, 146, 153, and 155; (d) 
SEQ ID NO: 153 and 155; 
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Al CEA combinations such as: (a) SEQ ID NO: 167, 170, 172, 178, 180, 181, and 
182; (b) SEQ ID NO: 170, 172, 178, 180, 181, and 182; (c) SEQ ID NO: 172, 178, 

180, 181, and 182; (d) SEQ ID NO: 178, 180, 181, and 182; (e) SEQ ID NO:180, 

181, and 182; (f) SEQ ID NO: 181 and 182; (g) SEQ ID NO: 161, 167, 170, 172, 178, 
180, and 181; (h) SEQ ID NO: 161, 167, 170, 172, 178, and 180; (i) SEQ ID NO: 
161, 167, 170, 172, apd 178; (j) SEQ ID NO: 161. 167, and 170; (k) SEQ ID NO: 
181 and 182; 

Al HER2/neu combinations such as : (a) SEQ ID NO:188, 189, 191, 194, 198, 200, 
201, and 208; (b) SEQ ID NO: 189, 191, 194, 198, 200, 201, and 208; (c) SEQ ID 
NO: 191, 194, 198, 200, 201, and 208; (d) SEQ ID NO: 194, 198, 200, 201, and 208; 
(e) SEQ ID NO: 198, 200, 201, and 208; (f) SEQ ID NO: 200, 201, and 208; (g) SEQ 
IDNO:201and208: 

(h) SEQ ID NO: 186, 188, 189, 191, 194, 198,200,and201;(i)SEQIDNO:186, 188, 
189, 191, 194. 198, and 200; (j) SEQ ID NO:186, 188, 189, 191, 194, and 198; (k) 
SEQ ID NO:186, 188. 189. 191, and 194; (I) SEQ ID NO:186, 188, 189, and 191; (m) 
SEQIDNO:186, 188, and 189; (n) SEQIDNO:186and 188; 

Al MAGE2/3 combinations such as: (a) SEQ ID NO: 216, 219, 221, 228, 230, 234, 
and 236; (b) SEQ ID NO: 219, 221. 228, 230, 234. and 236; (c) SEQ ID NO: 221. 
228, 230, 234, and 236; (d) SEQ ID NO: 228, 230, 234, and 236; (e) SEQ ID NO: 
230, 234, and 236; (f) SEQ ID NO: 234 and 236; (g) SEQ ID N0:21 1. 216, 219, 221, 
228. 230, and 234; (h) SEQ ID N0:211. 216, 219. 221, 228, and 230; (i) SEQ ID 
NO:211, 216, 219, 221, and 228; Q) SEQ ID NO:21 1, 216, 219, and 221; (k) SEQ ID 
N0:211, 216, and 219; (1) SEQ ID N0:211 and 216; (m) SEQ ID N0:211, 216, 219, 
221,228, 234. and 236; 

Al p53 combinations such as: (a) SEQ ID NO: 239, 240, 242, and 246; (b) SEQ ID 
NO: 240, 242, and 246; (c) SEQ ID NO: 242 and 246; (d) SEQ ID NO:238, 239, 240, 
and 242; (e) SEQ ID NO:238, 239, and 240; (f) SEQ ID NO:238 and 239; (g) SEQ ID 
NO:238, 240, 242, and 246; (h) SEQ ID NO:238, 239. 242, and 246; (i) SEQ ID 
NO:238, 239, 240, and 246; 

A24"CEA'cbmbiriafibnssuc¥as: (a) SEQ ID n6:"263,"265,'269, 272,^^ 

282. 285. 287, and 290; (b) SEQ ID NO: 265. 269. 272, 278. 279, 281. 282. 285, 
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287. and 290; (c) SEQ ID NO: 269, 272, 278, 279, 281, 282. 285, 287, and 290; (d) 
SEQ ID NO: 272. 278, 279. 281. 282, 285, 287, and 290; (e) SEQ ID NO: 278, 279, 
281. 282, 285. 287, and 290; (f) SEQ ID NO: 279, 281, 282, 285, 287, and 290; (g) 
SEQ ID NO: 281, 282, 285. 287. and 290; (h) SEQ ID NO: 282, 285, 287, and 290; 
(i) SEQ ID NO: 285, 287. and 290; 0) SEQ ID NO: 287 and 290; 
(k) SEQ ID NO:256, 263, 265, 269. 272, 278, 279, 281, 282, 285, and 287; G) SEQ 
ID NO:256, 263, 265, 269, 272, 278, 279, 281, 282, and 285; (m) SEQ ID NO:256, 
263, 265, 269, 272, 278, 279, 281, and 282; (n) SEQ ID NO:256, 263, 265, 269, 272, 
278. 279, and 281; (o) SEQ ID NO:256, 263. 265. 269, 272, 278. and 279; (p) SEQ 
ID NO:256, 263, 265. 269. 272. and 278; (q) SEQ ID NO:256. 263. 265, 269, and 
272; (r) SEQ ID NO:256. 263, 265. and 269; (s) SEQ ID NO:256. 263, and 265; (t) 
SEQ ID NO:256 and 263; (u) SEQ ID NO:256, 263, 269, 272, 278, 279, 281, 282, 
285, and 287; 

A24 HER2/neu combinations such as: (a) SEQ ID NO: 293. 304. 305. 308, and 310; 
(b)- SEQ ID NO: 304, 305, 308, and 310; (c) SEQ ID NO: 305. 308, and 310; (d) SEQ 
ID^NO: 308 and 310; (e) SEQ ID NO:292, 293, 304, 305, and 308; (f) SEQ ID 
NO:292, 293, 304, and 305; (g) SEQ ID NO:292, 293. and 304; (h) SEQ ID NO:292 
and 293; (i) SEQ ID NO:292, 304, 305, 308, and 310; (j) SEQ ID NO:292, 293, 305, 
308, and 310; (k) SEQ ID NO:292, 293, 304, 308, and 310; (1) SEQ ID NO:292, 293, 
304, 305, and 3 10; 

A24 MAGE2/3 combinations such as: (a) SEQ ID NO: 321, 324, 325, 331, 332, 333, 
334, 335, 336, 344, 345, and 351; (b) SEQ ID NO: 324, 325, 331, 332, 333, 334, 335, 
336, 344, 345, and 351; (c) SEQ ID NO: 325, 331, 332, 333, 334, 335, 336, 344, 345, 
and 351; (d) SEQ ID NO: 331, 332, 333, 334, 335, 336, 344, 345. and 351; (e) SEQ 
ID NO: 332, 333, 334, 335, 336, 344, 345, and 351; (f) SEQ ID NO: 333. 334, 335. 
336, 344. 345, and 351; (g) SEQ ID NO: 333, 334, 335, 336, 344, 345, and 351; (h) 
SEQ ID NO: 334, 335, 336, 344, 345, and 351; (i) SEQ ID NO: 335, 336, 344, 345, 
and 351; 0) SEQ ID NO: 336, 344, 345, and 351; (k) SEQ ID NO: 344, 345, and 351; 
(l)SEQIDNO:345and351; 

(m) SEQ ID NO:316. 321, 324, 325, 331, 332. 333, 334, 335. 336, 344, and 345; (n) 
SEQ ID NO:316, 321. 324, 325. 331, 332. 333, 334. 335, 336, and 344; (o) SEQ ID 
NO:316, 321, 324, 325, 331. 332, 333, 334, 335^d 336; (p) SEQ ID NO:316. 321, 
l"24;325;T3T,3l2r33373347and"3l5;^ 

333, and 334; (r) SEQ ID NO:316, 321, 324, 325, 331. 332, and 333; (s) SEQ ID 



30 



wo 2004/052917 



PCT/US2003/038949 



NO:316, 321, 324, 325, 331, and 332; (t) SEQ ID NO:316, 321, 324, 325, and 331; 
(u) SEQ ID NO:316, 321, 324, and 325; (v) SEQ ID NO:316, 321, and 324; (w) SEQ 
ID NO:316 and 321; (x) SEQ ID NO:316, 324, 325, 331, 332, 333, 335, 336, 344, 
and 351; 

A24 p53 combinations such as: SEQ ID NO:356 and 361; 

B44 CEA combinations such as: (a) SEQ ID NO:368, 369, 390, 399, and 403; (b) 
SEQ ID NO:369, 370, 375, 376, 377, and 420; and (c) SEQ ID NO:370, 375, 379, 
386, and 429; 

B44 HER2/neu.combinations such as: (a) SEQ ID NO:432, 435, 436, 443, 448, 460, 
466, 467, and 488; (b) SEQ ID NO: 439, 473, 490, and 499; (c) SEQ ID NO:432. 
433, 440, 441. 447, 456, 459, and 471; (d) SEQ ID NO: 477, 490, 499, 508, 527, and 
535; 

B44 MAGE2 combinations such as: (a) SEQ ID NO: 645, 646, 647, 653, 665, 670, 
698, 718, and 716; (b) SEQ ID NO: 663, 688, 692, and 701; (c) SEQ ID NO:648, 
655, 669, 677, 691, and 700; (d) SEQ ID NO: 651 and 673; 

B44 MAGE3 combinations such as: (a) SEQ ID NO: 719, 720, 726, 732, and 740; (b) 
SEQ ID NO: 721, 725, 726, and 737; (c) SEQ ID NO: 726, 739, and 744; (d) SEQ ID 
NO: 722, 723, 728 and 735; (e) SEQ ID NO: 720, 728, 731, 736, and 741; 

B44 p53 combinations such as: (a) SEQ ID NO: 598, 602, 603, and 617; (b) SEQ ID 
NO: 589, 599, 600, and 605; (c) SEQ ID NO:600, 603, 604, and 607; (d) SEQ ID 
NO: 601, 602, 604, and 609; 

A2 ccHnbinations such as: (a) SEQ ID NO: 6, 8, 16, 18, 22, 23, and 24; (b) SEQ ID 
NO: 8, 16, 18, 22, 23, and 24; (c) SEQ ID NO: 16, 18, 22, 23, and 24; (d) SEQ ID 
NO: 18, 22, 23, and 24; (e) SEQ ID NO: 23 and 24; (f) SEQ ID NO: 1, 19, 3, and 4; 
(g) SEQ ID NO: 2, 6, 8, 16, 18, 22, and 23; (h) SEQ ID NO: 2, 6, 8, 16, 18, and 22; 
(i) SEQ ID NO: 2, 6, 8, 16, 18. and 22; 0) SEQ ID NO: 2, 6, 8, 16, and 18; (k) SEQ 
JO NO: 2.6,8. ffid 16i(aSEQnD NQi 2, 6. and 8; and (m) SEP IDNO:2and6; 
(n) SEQ ID N0:3, 4, 5, and 17; (o) SEQ ID NO: 20, 21, and 25; (p) SEQ ID NO: 1, 
10, 17, and 25; (q) SEQ ID NO: 4, 5. 10, 17, and 25; 
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TAA combinations such as: (a) SEQ ID NO: 1, 17, 22, 104, 114, 133, 136, 146, 170, 
189, 221, 310, 336, 361, and 399; (b) SEQ ID N0:111, 124, 133, 140, 155, 180, 194, 
228, 246, and 281; (c) SEQ ID NO: 16, 18, 25, 43, 68, 117, 309, and 499; (d) SEQ ID 
NO: 48, 55, 97, 369, 409, and 512; (e) SEQ ID NO: 55, 99, 135, 238, and 602; (f) 
SEQ ID NO: 1, 58, 77, 104, 128, 166, 207, 240, 360, and 403; (g) SEQ ID N0:17, 50, 
72, 130, 161, 199, 300, and 627; (h) SEQ H) NO: 10, 55, 82, 104, 198, 400, 433, and 
501; (0 SEQ ID NO: 3, 22, 122, 196, 211, 301, 360, and 667; Q) SEQ ID NO: 1, 21, 
44, 100, 207, 405, and 661; 

(0087] Peptides of the invention may also comprise or consist of combinations of the 
' above combinations, including: 

A24 combinations such as: A24 CEA (a) and A24 HER2/neu (a); A24 CEA (a) and 
A24 MAGE2/3 (a); A24 CEA (a) and A24 p53; A24 CEA (c) and A24 HER2/neu (e); 
A24 CEA (i) and A24 MAGE2/3 (a); A24 CEA (n) and A24 p53 (k); 

A3 combinations such as: A3 CEA (a) and A3 HER2/neu (a); A3 CEA (a) and A3 
MAGE2/3 (a); A3 CEA (a) and A3 p53 (a); A3 CEA (d) and A3 HER2/neu (b); A3 
CEA (f) and A3 MAGE2/3 (i); A3 CEA (e) and A3 p53 (a); 

CEA combinations such as: A24 CEA (a) and Al CEA (a); A24 CEA (b) and Al 
CEA (a); A24 CEA (c) and Al CEA (a); A24 CEA (c) and Al CEA (a); A3 CEA (a) 
and Al CEA (a); A3 CEA (b) and Al CEA (a); A3 CEA (c) and A24 CEA (a); B7 
CEA (c) and Al CEA (a); 

B7 CEA (a) and A3 CEA (a); B44 CEA (b) and Al CEA (a); A3 CEA (e) and Al 
CEA (g); A3 CEA (i) and Al CEA (m);. 

Al CEA (a), (b) (c), {d), (e), (f) (g), (h), (i), G), or (k) epitopes/analogs, and A3 CEA 
(a), (b) (c), (d), (e), (f) (g), (h), (i), (j), or (k) epitopes/analogs, and B7 CEA (a), (b) 
(c), (d), (e), (f) (g), (h), (i), (j), or (k) epitopes/analogs, and A3 p53 (a), (b) (c), (d), 
(e), (f) (g). (h). 0). (j). or Oc) epitopes/analogs, and B44 MAGE2 (a), (b) (c), (d), (e), 
(0 (g). (i). (j). or Of) epitopes/analogs, and A3 MAGE2 (a), (b) (c), (d), (e), (f) 
(g). Ch). ffl. Q). or (k) epit opes/ana logs: 



32 



wo 2004/052917 



PCT/US2003/038949 



A24 CEA (a), (b) (c), (d), (e). (f) (g). (h), (i). (j). or (k) epitopes/analogs, and A2 
CEA (a), (b) (c), (d), (e), (f) (g), (h), (0, (j), or (k) epitopes/analogs. and B7 MAGES 
(a), (b) (c), (d), (e), (f) (g), (h), (i), (j), or (k) epitopes/analogs, and B44 p53 (a), (b) 
(c), (d), (e), (f) (g), (h), (i), (j), or (k) epitopes/analogs; 

A3 CEA (a), (b) (c), (d), (e). (f) (g). (h), (i), 0), or (k) epitopes/analogs, and B7 p53 

(a) , (b) (c), (d), (e), (f) (g), (h), (i), Q), or (k) epitopes/analogs, and B44 MAGE3 (a), 

(b) (c), (d), (e), (f) (g), (h), (i), (j), or (k) epitopes/analogs, and A24 WR2/nea (a), (b) 

(c) , (d), (e), (f) (g), (h), (i), (j), or (k) epitopes/analogs. 

[0088] The peptide may also conq)rise or consist of at least 1, at least 2, at least 3, at 

least 4, at least 5, at least 6, at least 7, or at least 8 peptides selected fiom fte groiqj 
consisting of the combinations set forth above. 

[0089] The peptide may also be a homopolymer of one epitope or analog or the 

peptide may be a heteropolymer which contains at least two different epitopes and/or 
analogs. Polymers have the advantage of increased probabiUty for immunological 
reaction and, where different epitopes/analogs are used to make up the polymer, the • 
ability to induce antibodies and/or T cells that react with different antigenic 
detenninants of the antigen(s) targeted for an immune response. 

[0090] A homopolymer may comprise 2, 3, 4, 5, 6, 7, 8, 9, 10, 1 1, 12, 13, 14,' 

15, 16, 17. 18. 19, 20, 21, 22, 23, 24. 25, 26, 27, 28. 29. 30, 31, 32, 33, 34, 35, 
36, 37, 38, 39. 40. 45, 50, 55. 60, 65, 70. 75. 80. 85, 90. 95, 100, 105, 110, 
115, 120, 125, 130, 135, 140, 145, or 150 copies of the same epitope or 
analog. 

[0091] A heteropolymer may comprise one or more copies of an individual 

epitope or analog and one or more copies of one or more different epitopes 

and/or analogs of the invention. The epitopes and/or analogs that form a 

heteropolymer may all be fiom the same jantigen, e.g., may be fiom CEA, p53, 

MAGE2/3, HER2/neu or other antigens herein or known in the art, or may be 

&om different antigens, preferably TAAs. Combinations of epitopes and/or 

analogs that may form a heteropolymer include those combinations desoibed 

J^g^g/-Hgtgopolymgra^yjjCTam multipleLCopies joLone-oi-more-epitopes 

and/or analogs. 
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100921 Thus, peptides of the invention such as heteropolymers may comprise 

a first epitope and/or analog and at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 1 1, 12, 13, 
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24. 25, 26, 27, 28. 29, 30, 31, 32. 33, 34, 
35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50 other (different). 

[0093] Pq)tides of the invention may also comprise additional amino acids. 

[0094] In some embodiments, the peptides may comprise a number of CTL 

and/or HTL epitopes, e.g., 1, 2, 3. 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 
18, 19, 20, 21, 22, 23, 24, 25, 26, 27. 28. 29, 30, 31, 32, 33. 34, 35. 36, 37, 38, 
39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50 CTL and/or HTL epitopes. 

[0095] The CTL and/or HTL epitope and the epitope/analog of the mvention 

may be from the same TAA or fipom different TAAs. Thus, for example, if 
the epitope and/or analog is from CEA, I3ie CTL peptide and/or HTL peptide 
may also be from CEA. Alternatively, the CTL peptide and/or HTL peptide 
may. be from another antigen, preferably a TAA antigen such as p53, 
MAGE2/3 or HER2/neu. As another example, if the epitope and/or analog is 
from p53, the CTL peptide and/or HTL pq)tide may be from p53 or, 
alternatively, may be from MAGE2/3, HER2/aeui or CEA. 

[0096] The CTL peptide and/or HTL peptide may be from tumor-associated 

antigens such as but not limited to, melanoma antigens MAGE-1, MAGE-2, 
MAGE-3, MAGE-11, MAGE-AIO, as well as BAGE, GAGE, RAGE, 
MAGE-Cl, LAGE-1, CAG-3, DAM, MUCl, MUC2, MUC18, NY-ESO-1, 
MUM-1, CDK4, BRCA2, NY-LU-1, NY-LU-7, NY-LU-12, CASP8, RAS, 
KIAA-2-5, SCCs, p53, p73, CEA, HER2/neu. Melan-A, gplOO, tyrosinase, 
TRP2, gp75/TRPl, kallikrein, prostate-specific membrane antigen (PSM), 
prostatic acid phosphatase (PAP), prostate-specific antigen (PSA), PTl-1, 3- 
catenin, PRAME, Telomerase, FAK, cyclin Dl protein, N0EY2. EGF-R, 
SART-1, CAPB, HPVE7, pl5. Folate receptor CDC27, PAGE-1, and PAGE- 
4. 

[0097] Alternatively, the CTL peptide and/or HTL pqjtide may be &om other 

antigens including hepatitis B core and surface antigais (HBVc, HBVs), 
hepatitis C antigens, Epstein-Barr virus antigens, human immuiodeficiency 
virus (EHV) antigens and human p^illoma virus (HPV) antigens (in particular 
anitgens from HPV-16. HPV-18, HPV-31, HPV-33, HPV-45. HPV-52, HPV- 
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56 and HPV-58, Mycobacterium tuberculosis and Chlamydia. Examples of 
suitaible fungal antigens include those derived from Candida albicans. 
Cryptococcus neoformans, Coccidoides spp., Histoplasma spp and 
Aspergillus Jumigatis. Examples of suitable protozoan parasitic antigens 
include those derived from Plasmodium spp., including P. falciparum, 
Trypanosoma spp.. Schistosoma spp. Leishmania spp and the like. 
[01001 A CTL epitope may comprise a sequence selected from the group 

consisting of: SEQ ID Nos:l-25. 
[OIOIJ Examples of CTL peptides and HTL peptides are disclosed in WO 

01/42270, published 14 June 2001; WO 01/41788, pubhdhes 14 June 2001; 
WO 01/42270, published 14 June 2001; WO 01/45728, pubUshed 28 June 
2001; and WO 01/41787, pubUshed 14 June 2001. 
[0102] The HTL peptide may comprise a "loosely HLA-restoicted" or 

"promiscuous" sequence. Examples of. ammo acid sequences that are 
promiscuous include sequences from antigens such as tetanus toxoid at 
positions 830-843 (QYIKANSKnGrTE; SEQ ID NO: 627), Plasmodium 
falciparum CS protein at positions 378-398 
(DIEKKIAKMEECASSVFNVVNS; SEQ ID NO: 628), and Stc^tococcus 
18kD protein at positions 116-131 (GAVDSILGGVATYGAA; SEQ ID NO: 
629). Other examples include peptides bearing a DR 1-4-7 siqieimotif, or 
eiflier of the DR3 motife. 
(0103J .The HTL pqptide may comprise a synthetic peptide such as a Pan-DR- 
binding epitope (e.g., a PADRE® peptide, Epimmune Inc., San Diego, CA. 
described, for example, in U.S. Patent Number 5,736.142), for example, 
having the formula aKXVAAZTLKAAa, where "X" is eitiier 
cyclohexyialanine, phenylalanine, or tyrosine; "Z" is either tryptophan, 
tyrosine, histidine or asparagine; and "a" is either D-alanine or L-alanine (SEQ 
ID NO: 746). Certain pan-DR binding epitopes comprise all "L" natural amino 
acids; tiiese molecules can be provided as peptides or in the form of nucleic 
acids that encode the peptide. See also, U.S. Patent Nos. 5,679,640 and 
6,413,935. 

10r04] The peptide may comprise additional amino acids. Such additional 

amino acids may be Ala, Arg, Asn, Asp, Cys, Ghi, Gly, Glu, His, He, Leu, 
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Lys, Met, Phe, Pro, Ser, Thr, Tyr, Trp, Val, amino add mimetics, and other 
unnatural amino acids such as those described below. Additional amino acids 
may provide for ease of linking peptides one to another, for linking q)itopes 
and/or analogs to one another, for linking q>itopes and/or analogs to CTL 
and/or HTL q)itopes, for coupling to a carrier s\q»port or larger peptide, for 
modifying the physical or chemical properties of Ac peptide or oUgopeptide, 
or the like. Amino adds such as Ala, Arg, Asn, Asp, Cys, Ghi, Gly, Glu, His, 
ne. Leu, Lys, Met, Phe, Pro, Ser, Thr, Tyr, Trp, or Val, or the like, can be 
introduced at the C- and/or N-taminus of the peptide and/or can be introduced 
internally. 

[0105] The peptide may comprise an amino acid spacer, which may be joined 

to the epitopes, analogs, CTL epitopes, HTL epitopes, carriere, etc. within a 
peptide or may be joined to the peptide at the N-and/or C-terminus. Thus, 
spacers may be at the N-tenninus or C-terminus of peptide, or may be internal 
such that they link or join epitopes, analogs, CTL epitopes, HTL epitopes, 
carriers, additional amino acids, and/or antigenic fiagmaats one to. the other. 

[0106] The spacer is typically comprised of one or more relatively small, 

neutral molecules, such as ammo acids or amino acid mimetics, which are. 
substantially uncharged under physiological conditions. The spacers are. 
typically selected from, e.g., Ala, Gly, or other neutral spacers of nonpolar 
amino adds or neutral polar amino adds. It will be understood that the 
optionally present spacer may be composed of the same residues or may be 
composed of one or more different residues and thus may be a homo- or 
hetero-oligomer of spacer residues. Thus, the spacer may contain more flian 
one Ala residue (poly-alanine) or more than one Gly residue (poly-glycine), or 
may contain boih Ala and Gly residues, e.g., Gly, Gly-Gly-, Ser,Ser-Ser-, 
Gly-Ser-, Ser-Gly-, etc. Whrai present, the spacer will usually be at least one 
or two readues, more usually three to six residues and sometimes 10 or more 
residues, e.g., 3, 4, 5, 6, 7, 8, 9, or 10, or even more residues. (Livingston, 
B.D. etal. Vaccine 19:4652-4660 (2000)). 
[0107] Peptides may comprise carriers such as those well known in the art, 

— erj^-lhyroglobulin, alBumins siich~M humim Tefunfalb toxoid^" 
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polyamino acids such as poly L-lysine, poly L-glutamic acid, influenza virus 
ptoteixis, hepatitis B virus core protein, and the like. (See Table 31). 

(0108J hi addition, the peptide may be modified by temiinal-NH2 acylation, 

e.g.y by alkanoyl (C1-C20) or thioglycolyl acetylation, tenninal-carboxyl 
amidation, e.g., ammonia, methylamine, etc. In some instances these 
modifications may provide sites for linking to a support or other molecule. 

[0109] The peptides in accordance with the invention can contain 

modifications such as but not limited to glycosylation, side chain oxidation, 
biotinylation, phosphorylation, addition of a surface active material, e.g. a 
hpid, or can be chemically modified, e.g., acetylation, etc. Moreover, bonds in 
the peptide can be other tiian peptide bonds, e.g., covalent bonds, ester or ether 
bonds, disulfide bonds, hydrogen bonds, ionic bonds, etc. 

(OllOJ Peptides of the present invention may contain substitutions to modify a 

physical property {e.g., stability or solubility) of flie resulting peptide. For 
example, peptides may be modified by the substihition of a cj^teine (C) with 
a-amino butyric acid ("fi"). Due to its chemical nature, cysteine has the 
propensity to form disulfide bridges and sufiBdently alter the peptide 
stiiicturally so as to reduce bmding edacity. Substituting a-amino butyric 
acid for C not only alleviates fliis problem, but achially in^roves binding and 
crossbmding cq)ability in certain mstances. Substitution of cysteine with a- 
amino butyric acid may occur at any residue of a peptide, e.g., at either anchor 
or non-anchor positions of an epitope or analog within a peptide, or at othar 
positions of a peptide. 

[0111] The peptides can comprise amino acid mimetics or unnahiral amiuo 

acids, e.g. D- or L-naphylalanine; D- or L-phenylglycine; D- or L-2- 
thieneylalanine; D- or L-1, -2, 3-, or 4-pyreneylalanine; D- or L-3 
thieneylalanine; D- or L-(2-pyridinyl)-alanine; D- or L-(3-pyridinyl)-alanine; D- 
or L-(2-pyrazinyl)-alanine; D- or L-(4-isopropyl)-phenylglycine; D- 
(trifluoiomethyl)-phenylglycine;- D-(tiifiuoromethyl)-phetiylalanine; D-p- 
fluorophenylalanine; D- or L-p-bipheny^henylalanine; d- or L-p- 
methoxybiphenylphenylalanine; D- or L-2-indole(alkyl)alamnes; and, D- or L- 
alkylalanines, where the alkyl groiq) can be a substituted or unsubstitiited 
methyl, ethyl, propyl, hexyl, butyl, pentyl, isopropyl, iso-butyl, sec-isotyl, iso- 
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pentyl, or a non-acidic amino acids. Aromatic rings of a non-natural amino 
acid include, thiazolyl, thiophenyl, pyrazolyl, benzimidazolyl, n^hthyl, 
furanyl, pyrrolyl, and pyridyl aromatic rings. Modified peptides that have 
various amino acid mimetics or uimatural amino acids are particularly useful, 
as they tend to manifest increased stability in vivo. Such peptides may also 
possess improved shelf-Ufe or manufacturing properties. 

[0112] Peptide stabihty can be assayed in a number of ways. For instance, 

peptidases and various biological media, such as human plasma and serum, 
have been used to test stability. See, e.g., Verhoef, et al, Eur. 7. DrugMetab, 
Pharmacokinetics 11:291 (1986). Half-life of the peptides of the present 
invention is convenioitly determined using a 25% human serum (v/v) assay. 
The protocol is genially as follows: Pooled human serum (Type AB, non- 
heat inactivated) is delipidated by centrifugation before use. The serum is 
flien diluted to 25% wifli RPMI-1640 or another suitable tissue culture 
medium. At predetemiined time intervals, a small amount of reaction solution 
is removed and added to either 6% aqueous trichloroacetic acid (TCA) or 
ethanol. The cloudy reaction sample is cooled (4°C) for 15 minutes and then 
spun to pellet the precipitated serum proteins. The presence of the peptides is 
then determined by reversed-phase HPLC usmg stability-specific 
chromatography conditions. 

[0113] The peptides in accordance with the invention can be a variety of 

lengths, and either in their neutral (lincharged) forms or in forms which are 
salts. The peptides in accordance with the invention can contain modifications 
such as glycosylation, side chain oxidation, or phosphorylation, generally 
subject to the condition that modifications do not destroy the biological 
activity of the peptides. 

[0114] The peptides of the invention may be lyophylized, or may be in crystal 

form. 

[0115] It is generally preferable that the epitope be as small as possible while 

still maintaining substantially all of the inamunologic activity of the native 
protein* When possible, it may be desirable to optimize HLA class I binding 
epitopes of the invention to a length of about 8 to about 13 amino acid 
residues, for example, 8, 9, 10, 11, 12 or 13, preferably 9 to 10. It is to be 
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appreciated that one or more epitopes in this size range can be comprised by a 
longer peptide (see the Definition Section for the tern "epitope" for further 
discussion of peptide length). HLA class E binding epitopes are preferably 
optimized to a length of about 6 to about 30 amino acids in length, e.g., 6, 7, 8, 
9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 
30, preferably to between about 13 and about 20 residues, eg., 13, 14, 15, 16, 
17, 18, 19 or 20. Preferably, the epitopes are commensurate in size with 
endogenously processed pathogen-derived peptides or tumor cell peptides that 
are bound to the relevant HLA molecules. The identification and preparation 
of peptides of various lengths can be carried out using the techniques 
described herein. 

[0116] Peptides in accordance with the invention can be prepared 

synthetically, by recombinant DNA technology or chemical synthesis, or can 
be isolated fiiom natural sources such as native tumors or pafliogenic 
organisms. Epitopes may be synthesized individually or joined directly or 
indirectiy in a peptide. Althou^ the peptide wiU preferably be substantially 
firee of other naturally occurring host cell proteins and fiagments thereof, in 
some embodiments the peptides may be synthetically conjugated to be joined 
to native fi:agments or particles. 
[0117] The peptides of the invention can be prepared in a wide variety of 

ways. For relatively short sizes, the peptides can be synthesized in solution or 
on a solid support in accordance with conventional techniques. Various 
automatic synthesizers are commercially available and can be used in 
accordance with known protocols. {See, for example, Stewart & Young, 
SoLro Phase Peptide Synthesis, 2d. ed., Pierce Chemical Co., 1984). 
Further, individual peptides can be joined using chemical ligation to produce 
larger peptides that are still within the bounds of the invention. 
[0118] Altematively, recombinant DNA technology can be employed wherem 

a nucleotide sequence which encodes a peptide inserted into an expression 
vector, transformed or transfected into an appropriate host cell and cultivated 
under conditions suitable for expression. These procedures are generally 
known in the art, as described generally in Sambrook et al. Molecular 
Cloning, a Laboratory Manual, Cold Spring Harbor Press, Cold Spring 
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Harbor. New York (1989). Thus, recombinant peptides, which con^iise or 
consist of one or more epitopes of the invention, can be used to present the 
qqjropriate T cell epitope. 
10119] Polynucleotides encoding each of the peptides above are also part of 
the invention. As ^preciated by one of ordinary sldU in the art. various 
nucleic acids will encode the same peptide due to the redundancy of the 
genetic code. Each of these nucleic adds faUs within the scope of the present 
invention. This embodiment of the invention comprises DNA and RNA, and 
in certain embodiments a combination of DNA and RNA. It is to be 
appreciated that any polynucleotide that encodes a peptide in accordance with 
the invention falls within the scope of this invention. 
[0120] The polynucleotides encoding peptides contemplated herein can be 

synthesized by chemical techniques, for example, the phosphotriester method 
of Matteucci, et al, J. Am. Chem. Sac. 103:3185 (1981). Polymicleotides 
encoding peptides comprising or consisting of an analog can be made simply 
by substituting the appropriate and desired nucleic acid base(s) for those that 
encode the native epitope. 
[0121] The polynucleotide. e.g. minigene (see below), may be produced by 

assembling ohgonucleotides that encode the plus and minus strands of the., 
polynucleotide. e.g. minigene. Overhq)ping oKgonucleotides (15-100 bases 
long) may be synthesized, phosphorylated. purified and annealed under 
appropriate conditions using weU known techniques. The ends of the 
oligonucleotides can be joined, for example, using T4 DNA ligase. A 
polynucleotide. e.g. minigene. encoding the peptide of the invention, can be 
cloned into a desired vector such as an expression vector. The coding 
sequence can then be provided with appropriate linkers and ligated into 
expression vectors commonly available in the art. and the vectors used to 
transfonn suitable hosts to produce the desired peptide such as a fusion 
protein. 

[0122] A large number of such vectors and suitable host systems are known to 

those of skm in the art, and are commerciaUy available. The foUowing vectors 

pBS. pDlO. phagescript. psiX174. pBluescript SK. pbsks, pNH8A, pNH16a,' 
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pNHlSA, pNH46A (Stratagene); ptrc99a, pKK223-3, pKK233-3, pDR540, 
pRTTS (Phannacia); pCR (Iiivitrogen). Eukaryotic: pWLNEO, pSV2CAT, 
pOG44, pXTl, pSG (Stratagene) pSVK3, pBPV, pMSG, pSVL (Phannacia); 
p75.6 (valentis); pCEP (Invitrogen); pCEI (Epimmune). However, any other 
plasmid or vector can be used as long as it is replicable and viable in the host. 

[0123] As representative examples of appropriate hosts, there can be 

mentioned: bacterial cells, such as E. coli, Bacillus subtilis. Salmonella 
typhimurium and various species within the genera Pseudomonas, 
Streptomyces, and Staphylococcus; fungal cells, such as yeast; insect cells 
such as Drosophila and Sf9; animal cells such as COS-7 lines of monkey 
kidney fibroblasts, described by Gluzman, Cell 23:175 (1981), and other cell 
lines capable of expressing a compatible vector, for example, the C127, 3T3, 
CHO, HeLa and BHK cell lines or Bowes melanoma; plant cells, etc. The 
selection of an appropriate host is deemed to be within the scope of those 
skilled in the art from the teachings herem. ^ 

[0124] Thus, the present invention is also directed to vectors, preferably 

expression vectors useful for the production of Ihe peptides of the present 
invention, and to host cells comprising such vectors. 

[0125] Host cells are genetically engineered (transduced or transformed or 

transfected) with the vectors of this invention which can be, for example, a 
cloning vector or an expression vector. The vector can be, for exan[q)le, in the 
form of a plasmid, a viral particle, a phage, etc. The ragineered host cells can 
be cultured in conventional nutrient media modified as appropriate for 
activating promoters, selecting transfonnants or amplifying the polynucletides. 
The culture conditions, such as temperature, pH and the like, are those 
previously used with the host cell selected for expression, and will be parent 
to the ordinarily skilled artisan. 

[0126] For expression of the peptides, the coding sequence will be provided 

with operably linked start and stop codons, promoter and terminator regions 
and usually a repUcation system to provide an expression vector for expression 
in the desired cellular host. For example, promoter sequences compatible with 
bacterial hosts are provided in plasmids containing convenient restriction sites 
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for insertion of the desired coding sequence. The resulting expression vectors 
are transformed into suitable bacterial hosts. 
[0127] Generally, recombinant expression vectors will include origins of 

replication and selectable markers pennitting transformation of the host cell, 
e.g,, the ampicillin resistance gene of E. coli and S. cerevisiae TRPl gene, and 
a promoter derived from a higjUy-expressed gene to direct transcription of a 
downstream structural sequence. Such promoters can be derived from operons 
encoding glycolytic enzymes such as 3-phosphoglycerate kinase (PGK), V- 
factor, acid phosphatase, or heat shock proteins, among others. The 
heterologous structural sequence is assembled in appropriate phase with 
translation initiation and termination sequences, and preferably, a leader 
sequence capable of directing secretion of translated protein into the 
periplasmic space or extracellular medium. Optionally, the heterologous 
sequence can encode a fusion protein including an N-terminal identification 
peptide imparting desired characteristics, e.g., stabilization or simplified 
purification of expressed recombinant product. 
[0128] Yeast, insect or mammalian cell hosts may also be used, employing 

suitable vectors and control sequences. Examples of mammalian expression 
systems include the COS-7 lines of monkey kidney fibroblasts, described by 
Gluzman, Cell 23:175 (1981), and other cell lines capable of expressing a 
compatible vector, for example, the C127, 3T3, CHO, HeLa and BHK ceU 
lines. Mammalian expression vectors will comprise an origin of replication, a 
suitable promoter and enhancer, and also any necessary ribosome binding 
sites, polyadenylation site, splice donor and acceptor sites, transcriptional 
termination sequences, and 5' flanking nontranscribed sequences. Such 
promoters may also be derived from viral sources, such as, e.g., human 
cytomegalovirus (CMV-IE promoter) or herpes simplex virus type-1 (HSV 
TK promoter). Nucleic acid sequences derived from the SV40 splice, and 
polyadenylation sites can be used to provide the required nontranscribed 
genetic elements. 

[0129] Polynucleotides encoding peptides of the invention may also comprise 

a ffl)iqmtinati6n~sipa:"sequ^ aT targeting sequence"'ScFa^ 
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endoplasmic reticuliim (ER) dgnal sequence to facilitate movement of the 
resulting peptide into the endoplasmic reticulum. 
(01301 Polynucleotides of the invention. e.g.. minigenes, may be expressed in 

human cells. A human codon usage table can be used to guide the codon 
choice for each amino acid. Such polynucleotides preferably comprise spacer 
ammo acid residues between epitopes and/or analogs, such as those described 
above, or may comprise natuiaUy-occuxring flanking sequences adjacent to the 
epitopes and/or analogs (and/or CTL and HTL epitopes). 
[0131] The peptides of the invention can also be expressed by viral or 

bacterial vector.. Examples of expression vectors include attenuated viral 
hosts, such as vaccinia or fowlpox. As an example of this ^^proach. vaccinia 
vnus.is used as a vector to express nucleotide sequences that encode the 
peptides of the invention. Vaccinia vectors and methods useful in 
mimunization pretocols are described in, e.g., U.S. Patent No. 4 722 848 
Another vector is BCG (BaciUe Cahnette Guerin). BCG vectors are desc^bed 
m Stover et al. Nature 351:456-460 (1991). A wide variety of other vectors 
useful for therapeutic administration or immunization of the polypeptides of 
the invention. e.g. adeno and adeno-associated virus vectors, retroviral vectors 
Salmonella typhi vectors, detoxified anthrax toxin vectors, and the like wiU bi 
apparent to tiiose skilled in the art fiom flie description herein. A preferred 
vector is Modified Vaccinia Ankara (MVA) (e.g.. Bavarian Noridic (MVA- 
BN)). 

[0132] Standard regulatory sequences well known to those of skiU in the art 
are preferably included m the vector to ensure expression in the human target 
cells. Several vector elements are desirable: a promoter with a downstream 
clomng site for polynucleotide. e.g, minigene insertion; a polyadenylation 
signal for efficient transcription termmation; an E. coli origin of replication- 
and an E. coli selectable marker {e.g. ampiciUin or kanamycin resistance) 
Numerous promoters can be used for this purpose. e.g.. the human 
cytomegalovirus (hCMV) promoter. See, e.g., U.S. Patent Nos. 5.580.859 and 
5.589.466 for other suitable promoter sequences. A preferred promoter is flie 
-OffV=lE-promotef: — 
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[0133] Polynucleotides, e.g. minigenes. may comprise one or more synthetic 
or naturaUy-occuiring inlrons in the transcribed region. The inclusion of 
mRNA stabilization sequences and sequences for repUcation in mammalian 
cells may also be considaed for increasing polynucleotide, e.g. minigene, 
expression. 

[0134] In addition, the polynucleotide, e.g. minigene. may comprise 

immmiostimulatory sequences (ISSs or CpGs). These sequences may be 
included in the vector, outside die polynucleotide (e.g. minigene) coding 
sequence to enhance immunogenicity. 
[0135] In some embodiments, a bi-cistronic expression vector which allows 

production of both the polynucleotide- (e.g. minigene-) encoded peptides of 
the invention and a second protein (e.g., one that modulates immunogenicity) 
can be used. Examples of proteins or polypeptides that, if co-expiessed with 
peptides of the invention, can enhance an immuiie response mclude cytokines 
ie.g., IL-2, 11.12, GM-CSF), cytoldne-inducing molecules (e.g., LelF). 
costimulatoiy molecules, or patt-DR binding proteins (PADRE* molecules,' 
Epimmune, San Diego, CA). Helper T ceU (HTL) epitopes such as PADRE* 
molecules can be joined to intraceUular targeting signals and expressed 
separately ftom expressed peptides of the invention. Specifically decreasmg 
the immune response by co-expression of immunosuppressive molecules (e.g. 
TGF-P) may be beneficial in certain diseases. 
[0136] Once an expression vector is selected, the polynucleotide, e.g. 

minigene. is cloned into the polylinker region downstream of the promoter. 
This plasmid is transformed into an appropriate bacterial strain, and DNA is 
prepared using standard techniques. The orientation and DNA sequence of the 
polynucleotide, e.g. minigene, as well as aU other elements included in the 
vector, are confirmed using restriction mapping, DNA sequence analysis, 
and/or PGR analysis. Bacterial cells harboring the correct plasmid can bi 
stored as cell banks. 

[0137] Therapeutic/prophylactic quantities of DNA can be produced for 

jxample, by fen^entation in E. coli, followed by pu rificatio n. AHquo ts from 
the workiiig cell bank are used to inoculate growth medium, and ae grown to 
saturation in shaker flasks or a bioreactor according to weU known techniques. 
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PlasDoid DNA is purified using standard bioseparation technologies such as 
solid phase anion-exchange resins available, e.g., from QIAGEN, Inc. 
(Valencia, California). If required, supercoiled DNA can be isolated fi:om the 
open circular and linear forms using gel electrophoresis or other metiiods. 

[0138] Purified polynucleotides, e.g. minigenes, can be prepared for injection 

using a variety of formulations. The simplest of these is reconstitution of 
lyophilized polynucleotide, e.g. DNA, in sterile phosphate-buffer saline 
(PBS). This approach, known as "naked DNA," is currently being used for 
intramuscular (IM) administration in clinical trials. To maximize the 
immunotherapeutic effects of polynucleotide vaccines, alternative methods of 
formulating purified plasmid DNA may be used. A variety of such methods 
have been described, and new techniques may become available. Cationic 
lipids, glycolipids, and fusogenic liposomes can also be used in the 
formulation (see, e.g., WO 93/24640; Mannino & Gould-Fogerite, 
BioTechniques 6(7): 682 (1988); U.S. Patent No. 5,279,833; WO 91/06309; 
and Feigner, et al, Proc. Nat 'I Acad Sci. USA 84:7413 (1987), In addition, 
peptides and compounds referred to collectively as protective, interactive, 
non-condensing compounds (PINC) can also be complexed to purified 
plasmid DNA to influence variables such as stability, intramuscular 
dispersion, or trafficking to specific organs or cell types. 

[0139] Known methods in the art can be used to enhance delivery and uptake 

of a polynucleotide in vivo. For example, the polynucleotide can be 
complexed to polyvinylpyrrolidone (PVP), to prolong the localized 
bioavailability of the polynucleotide, thereby enhancing iq)take of the 
polynucleotide by the organisum (see e.g., U.S. Patent No. 6,040,295; EP 0 
465 529; WO 98/17814). PVP is a polyamide that is known to form 
complexes with a wide variety of substances, and is chemically and 
physiologically inert. 

[0140] Target cell sensitization can be used as a fimctional assay of the 

expression and HLA class I presentation of polynucleotide- (e.g. minigene-) 
encoded peptides. For example, the polynucleotide, e.g. plasmid DNA, is 

"infi:6ducea"^Sfo"^"ma^^ 

CTL chromium release assays. The transfection method used will be 
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dependent on the final fonnuMon. For example, electroporation can be used 
for "naked" DNA, whereas cationic Kpids or PVP-fonnulated DNA aUow 
direct in vitro transfection. A plasmid expressing green fluorescent protein 
(GFP) can be co-ttansfected to allow enrichment of transfected cells using 
fluorescence activated cell sorting (FACS). The transfected ceUs are then . 
chromium-51 (^'Cr) labeled and used as targets for epitope-specific CTLs. 
Cytolysis of the target cells, detected by ^'Cr release, indicates both 
production and HLA presentation of, polynucleotide-, e.g. minigene-, encoded 
epitopes and/or analogs of the mvention, or peptides comprising them. 
Expression of HTL epitopes may be evaluated in an analogous manner using 
assays to assess HTL activity. 
[0141] /„ vivo immunogenicity is a second approach for functional testing of 

polynucleotides, e.g. minigenes. Transgenic mice expressing appropriate 
human HLA proteins are immunized with the polynucleotide, e.g. DNA, 
product. The dose and route of administration are fonnulation dependent 
(e.g.. JM for polynucleotide (eg., naked DNA or PVP-fomiulated DNA) in 
PBS, intraperitoneal (IP) for Upid-complexed polynucleotide (e.g., DNA)). 
Eleven to twenty-one days after immunization, splenocytes are harvested and 
restimulated for one week in the presence of polynucleotides encoding each 
peptide being tested. Thereafter, for peptides comprising or consisting of 
epitopes and/or analogs, standard assays are conducted to determine if there is 
cytolysis. of peptide-loaded, ^'Cr-labeled target cells. Once again, lysis of 
target cells that were exposed to epitopes and/or analogs coiresponding to 
those encoded by the polynucleotide, e.g. mmigene, demonstrates 
polynucleotide, e.g., DNA, vacdne function and induction of CTLs. 
Immunogenicity of HTL epitopes is evaluated in transgenic mice in an 
analogous manner. 

[0142] Altematively, the nucleic acids can be administered using ballistic 

delivery as described, for instance, in U.S. Patent No. 5.204.253. Using this 
technique, particles comprised solely of a polynucleotide such as DNA are 
administered. Li a further alternative embodiment for ballistic delivery, 
- WjSu^IeSfides sxicfi M DNA such~as"^"id ' 

particles. 
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[0143] The use of polynucleotides such as multi-epitope minigenes is 

described herein and in, e.g. co-pending application U.S.S.N. 09/311,784; 
Ishioka et al, J. Immunol 162:3915-3925, 1999; An, L. and Whitton, J. L., J, 
Virol 71:2292, 1997; Thomson, S. A. et al, J. Immunol 157:822, 1996; 
Whitton, J. L. et al, J. Virol 67:348, 1993; Hanke, R. et al. Vaccine 16:426, 
1998. For example, a polynucleotide such as a multi-epitope DNA plasmid 
can be engineered which encodes an epitope derived from multiple regions of 
a TAA (e.g., p53, HER2/nev, MAGE-2/3, or CEA), a pan-DR binding peptide 
such as the PADRE® universal helper T cell epitope, and an endoplasmic 
reticulum-translocating signal sequence. As descibed in the sections above, a 
peptide/polynucleotide may also comprise/encode epitopes that are derived 
from other TAAs. 

[0144] Thus, the invention includes peptides . as described herein, 

polynucleotides encoding each of said peptides, as well as compositions 
comprising the peptides and polynucleotides, and includes methods for. 
producing and methods of using the peptides, polynucleotides, and 
compositions, as further described below. 

[0145] Compositions. In other embodiments, the invention is directed to a 

composition comprising one or more peptides and/or a polynucleotide of the 
invention and optionally another component(s). 

[0146] In some embodiments, the conqposition comprises or consists of 

multiple peptides, e.g., 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 
19, 20, 21, 22, 23, 24, or 25 peptides of the invention. In other embodiments, 
the composition comprises or consists of 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 
36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 
57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 
78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 
99, 100, 105, 110, 115, 120, 125, 130, 135, 140, 145 or 150 or more peptides 
of the invention. In some embodiments, the composition comprises at least 2, 
at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 
10, at least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at 
least 17, at least 18, at least 19, at leastlsO, at least 21, at least 22, at least 23,^ 
at least 24, at least 25, at least 26, at least 27, at least 28, at least 29, at least 
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30, at least 31, at least 32, at least 33, at least 34, at least 35, at least 36, at 
least 37, at least 38, at least 39, at least 40, at least 41, at least 42, at least 43, 
at least 44, at least 44, at least 45, at least 46, at least 47, at least 48, at least 
49, at least 50, pq)tides of the invention. 

[0098] For example, coixq)ositiQns may comprise or consist of coinbinaticHis of epitopes 
and/or analogs, e.g., 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 
22, 23, 24, or 25 epitopes and/or analogs of die invention. In ofbsx embodiments, the 
con5)osition comprises or consists of 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38^ 
39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 
62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 
85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100 epitopes and/or 
analogs of the invention. In some embodiments, the composition comprises at least 1, 
at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at 
least 10, at least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at least 
• 17, at least 18, at least 19, at least 20, at least 21, at least 22, at least 23, at least 24, at 
least 25 epitopes and/or analogs of the invention. 

[0099] For example, the conq)osition may comprise or consist of at least 1, at least 2, at . 
least 3, at least 4, or all 5 CEA epitopes and/or analogs from Table 6; at least 1, at 
least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, or all 
10 HER2/neu epitopes and/or analogs of Table 6; at least 1, at least 2, at least 3, at . 
least 4, or all 5 MAGE2/3 epitopes and/or analogs from Table 6; at least 1, at least 2, 
at least 3, at least 4, or all 5 p53 epitopes and/or analogs from Table 6. The 
composition may comprise or consist of at least 1, at least 2, at least 3, at least 4, at 
least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 1 1, at least 12, at 
least 13, or all 14 epitopes and/or analogs from Table 16a; at least 1, at least 2, at least 
3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 1 1, 
at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at 
least 19, or all 20 epitopes and/or analogs from Table 16b; at least 1, at least 2, at 
least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at 
least 1 1, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 
18, at least 19, at least 20, at least 21, at least 22, at least 23, at least 24, at least 25, at 
least 26, at least 27, or all 28 epitopes and/or analogs from Table 16c; at least 1, at 
least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 

. .-L0,Jat.leastll,^tleast-12, at.leastl3, atleast-l4,.atJeast4.5,-at-least 16i at4east4^,.-at 

least 18, at least 19, at least 20, at least 21, at least 22, at least 23, at least 24, or all 25 
epitopes and/or analogs from Table 16d. The composition may comprise or consist of 
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at least 1, at least 2, at least 3, at least 4. or aU 5 epitopes and/or analogs from Table 
17a; at least 1, at least 2, at least 3. at least 4, at least 5, or aU 6 epitopes and/or 
analogs from Table 17b; at least 1, at least 2, at least 3, at least 4, at least s, at least 6, 
at least 7, at least 8, at least 9, at least 10, at least 1 1, at least 12, at least 13, or afl 14 
epitopes and/or analogs from Table 17c; at least 1, at least 2, at least 3, or all 4 
epitopes and/or analogs from Table 17d. The composition may coxaprise or consist of 
at least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at 
least 9, at least 10, at least 1 1, at least 12, at least 13, at least 14, at least 15, at least 
16, at least 17, at least 18, at least 19, at least 20, at least 21, at least 22, at least 23, at 
least 24, at least 25, at least 26, or aU 27 epitopes and/or analogs from Table 18a; at 
least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 
?, at least 10, at least 11, at least 12, at least 13. at least 14, at least 15, at least 16, at 
least 17, at least 18, at least 19, at least 20, at least 21, at least 22, at least 23, or all 24 
epitopes and/or analogs from Table 18b; at least 1, at least 2, at least 3, at least 4, at 
least 5, at least 6, at least 7, at least 8, at least 9, at least 10. at least 1 1, at least 12, at 
least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least 19, at least 
20, at least 21, at least 22, at least 23, at least 24, at least 25, at least 26, at least 27, or 
all 28 epitopes and/or analogs from Table 18c; at least 1, at least 2, at least 3, at least 
4, at least 5, at least 6, at least 7, at least 8, at least 9, or all 10 epitopes and/or analogs 
.from Table 18d. The composition may comprise or consist of at least 1, at least 2, at 
least 3. at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at 
least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 
18, at least 19, at least 20, at least 21, at least 22, at least 23, at least 24, at least 25, at 
least 26, at least 27, at least 28, at least 29, at least 30, at least 3 1, at least 32, at least 
33, at least 34, at least 35, at least 36, at least 37, at least 38, at least 39, at least 40, at 
least 41, at least 42, at least 43, at least 44, or all 45 epitopes and/or analogs from 
Table 19a; at least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at 
least 8, at least 9, at least 10, at least 1 1, at least 12, at least 13, at least 14, at least 15, 
at least 16, at least 17, at least 18, at least 19, at least 20, or aU 21 epitopes and/or 
analogs from Table 19b; at least 1, at least 2, at least 3, at least 4, at least 5, at least 6, 
at least 7, at least 8, at least 9, at least 10, at least 1 1, at least 12, at least 13, at least 
14, at least 15, at least 16, at least 17, at least 18, at least 19, at least 20, at least 21, at 
least 22, at least 23, at least 24, at least 25, at least 26, at least 27, at least 28, at least 
29, at least 30, at least 31, at least 32, at least 33. at least 34, at least 35, at least 36, at 
"leasr3"7;" aileait 38; at least 397orail 40 epitopes' and/oraiid^^ fr^T^le T9c^^t 
least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, or all 9 
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epitopes and/oranalogsfiomTable 19d. The composition niayconiprise or consist of 
at least 1 , at least 2. at least 3. at least 4. at least 5, at least 6. at least 7. at least 8 at 
least 9, at least 10. at least 1 1, at least 12, at least 13. at least 14. at least 15. at Lt 
16. at least 17. at least 18, at least 19. at least 20, at least 21. at least 22. at least 23 at 
least 24. at least 25, or at least 26 of the epitopes and/or analogs fiom Table 26 27 
28. 29. or 30. ' ' 

100100] The composition may preferably comprise or consist of at least 1 or all 2 CEA 
epitopes/analogs of Table 9; at least 1 or all 2 HER2Aieu epitopes/analogs of Table 9- 
at least 1 or aU 2 MAGE2/3 epitopes/analogs of Table 9; at least 1 or aU 2 p53 
epitopes/analogs of Table 9. The composition may preferably comprise or consist of 
at least 1. at least 2, at least 3, at least 4. at least 5. at least 6, or aU 7 CEA 
epitopes/analogs of Table 20; at least 1. at least 2, at least 3, at least 4, at least 5. at 
least 6, at least 7. at least 8. or all 9 HER2/neu epitopes/analogs of Table 20; at least 
1. at least 2. at least 3. at least 4, at least 5. at least 6. at least 7. or all 8 MAGE2/3 
epitopes/analogs of Table 20; at least 1. at least 2, at least 3, at least 4. at least 5. at 
least 6, or all 7 p53 epitopes/analogs of Table 20. The composition may preferably, 
comprise or consist of at least the CEA epitope/analog of Table 21; at least the 
HER2^eu epitope/analog of Table 21; at least 1. at least 2. at least 3. or aU 4 
MAGE2/3 epitopes/analogs of Table 21; at least the p53 epitope/analog of Table 21. 
The composition may preferably comprise or consist of at least 1 . at least 2, at least 3 
at least 4. at least 5. at least 6. at least 7. or aU 8 CEA epitopes/analogs of Table 22- at 
least 1. at least 2. at least 3, at least 4. at least 5. at least 6. at least 7, at least 8. or all 9 
HER2/neu epitopes/analogs of Table 22; at least 1. at least 2. at least 3. at least 4 at 
least 5. at least 6, at least 7, or aU 8 MAGE2/3 epitopes/analogs of Table 22; at least 
1. at least 2, at least 3. at least 4, or aU 5 p53 epitopes/analogs of Table 22. The 
composition may preferably comprise or consist of at least 1. at least 2, at least 3 at 

least 4. at least 5, at least 6. at least 7. at least 9. qat least 10, at least 11, or all 12 cL^ 
epitopes/analogs ofTable23;at least l.at least 2, at leasts, at least4.atleast5.or all 
6 HER2/neu epitopes/analogs of Table 23; at least 1. at least 2. at least 3, at least 4. at 
least 5. at least 6, at least 7, at least 8. at least 9. at least 10. at least 1 1 , at least 12. or 
all 13 MAGE2/3 epitopes/analogs of Table 23; at least 1. or all 2 p53 
epitopes/analogs of Table 23. 
[00101] The composition may comprise or consist of the combinations above and below, 
and mayalso_exclude a^ one^ sev«al epitopes and/or analogs selected fiom those' 
m Tables 6. 9. 10 (SEQ ID Nos:l-25). 16a-23 (SEQ ID NOS:42-362) and 26-30 
(SEQ ID Nos:368-745). ^itopes/analogs which may preferably be excluded from 
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composition of tiie invention are SEQ ID Nos:42, 60, 62, 67, 82, 86, 101, 116, 153, 
362, 230, 265, 290, 321, 334, and 345. 
[00102] The composition of the invention may conpnse or consist of combinations of 
epitopes and/or analogs including: 

A3 CEA combinations such as: (a) SEQ ID NOs:42, 44, 46, 51, 52, 54, and 55; (b) 
SEQ ID NOs: 44, 46, 51, 52, 54, and 55; (c) SEQ ID NOs:46, 51, 52, 54, and 55; (d) 
SEQ ID NOs: 51, 52, 54, and 55; (e) SEQ ID NO: 52, 54, and 55; (f) SEQ ID NO: 54 
and 55; 

(g) SEQ ID NO: 44, 46, 51, 52, and 54; (h) SEQ ID NO: 44, 46. 51, and 52; (i) SEQ 
ID NO: 44, 46, and 51; and (j) SEQ ID NO: 44 and 46; 

(1) SEQ ID NO: 44, 5 1, 52, 54, and 55; (m) SEQ ID NO: 44, 46, 52, 54, and 55; (n) 
SEQ ID NO: 44, 46, 5 1, 54, and 55; and (o) SEQ ID NO: 44, 46, 51, 52, and 55; 

A3 HER2/neu combinatians such as: (a) SEQ ID NO:57, 60, 62, 67, 68, 69, 70, 73, 
and 75; (b) SEQ ID NO: 60, 62, 67, 68, 69, 70, 73, and 75; (c) SEQ ID NO: 62, 67, 

68, 69, 70, 73, and 75; (d) 67, 68, 69, 70, 73, and 75; (e) 68, 69, 70, 73. and 75; (f) 
SEQ ID NO: 69, 70. 73, and 75; 

(g) SEQ ID NO: 70, 73, and 75; (h) SEQ ID NO: 73 and 75; 

(i) SEQ ID NO: 57, 60. 62. 67, 68, 69, 70, and 73; 0) SEQ ID NO: 57, 60, 62, 67, 68, 

69, and 70; (k) SEQ ID NO: 57, 60, 62, 67, 68, and 69; © SEQ ID NO: 57, 60, 62, 
67, and 68; 

(m) SEQ ID NO: 57, 60, 62, and 67; (n) SEQ ID NO: 57. 60. and 62; (o) SEQ ID NO: 
57 and 60; (p) SEQ ID NO: 57, 68, 69, 70, 73, and 75; (q) SEQ ID NO: 57, 60, 68, 
69, 70, 73, and 75; (r) SEQ ID NO: 57. 60, 62, 69. 70. 73. and 75; 
and (s) SEQ ID NO: 57, 60, 62, 67, 68, 73, and 75; 

A3 MAGE2/3 combinations such as: (a) SEQ ID NO:82, 90, 91, 96, 99, 102, and 
103; (b) SEQ ID NO: 90. 91, 96, 99, 102, and 103; (c) SEQ ID NO: 91, 96, 99, 102, 
and 103; (d) SEQ ID NO: 96. 99, 102, and 103; (e) SEQ ID NO: 99, 102, and 103; 

(f) SEQ ID NO: 102 and 103; 

(g) SEQ ID NO: 77, 82, 90, 91, 96, 99, and 102; (h) SEQ ID NO: 77, 82, 90, 91, 96, 
and 99; (i) SEQ ID NO: 77, 82, 90, 91, and 96; (j) SEQ ID NO: 77, 82, 90, and 91; 
(k) SEQ ID NO: 77, 82, 90, and 91, 96. 99, 102, and 103; (1) SEQ ID ON: 77, 82, and 

■T67ai5(m) SEQlSNOr77 andTi;" " " 
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A3 p53 combinations such as: (a) SEQ ID NO: 107, 1 1 1, 1 14, 1 16, 1 19, and 124; (b) 
SEQ ID NO: 111. 114, 116. 119, and 124; (c) SEQ ID NO: 114, 116, 119, and 124; 
(d)SEQIDNO: 116, 119, and 124; (e) SEQ ID NO: 119andl24; 
(f) SEQIDNO:104. 107. 111. 114, 116, and 119; (g) SEQIDNO:104, 107, 111, 114, 
and 116; (h) SEQ ID NO:104. 107, 111. and 114; (i) SEQ ID NO: 104. 107, and 111;' 
0) SEQ ID NO:104 and 107; 

(k) SEQIDNO:104, 111, 114, 116. 1 19. and 124; ©SEQ ID NO: IM, 107. 114, 116, 
119. and 124; (m) SEQ ID N0:1H 107, 111, 116, 119. and 124; (n) SEQ ID 
NO:104. 107, 111, 114. 116, and 124; 

B7 MAGE2/3 combinations such as: (a) SEQ ID NO: 146, 153, and 364; (b) SEQ ID 
NO: 153 and 364; (d) SEQ ID NO: 140, 146, and 153; (e) SEQ ID NO: 140, 146 and 
364; 

B7 combinations such as: (a) SEQ ID NO:133, 136. 140, 146, 153. and 155; (b) SEQ 
ID NO: 136, 140, 146, 153, and 155; (c) SEQ ID NO: 140, 146, 153, and 155; (d) 
SEQ ID NO: 153 and 155; 

Al CEA combinations such as: (a) SEQ ID NO: 167, 170, 172. 178, 180. 181, and 
182; (b) SEQ ID NO: 170, 172, 178, 180, 181. and 182; (c) SEQ ID NO:'l72.'l78, 

180, 181, and 182; (d) SEQ E) NO: 178, 180, 181, and 182; (e) SEQ ID NO:180,' 

181, and 182; (£) SEQ JD NO: 181 and 182; (g) SEQ ID NO: 161. 167, 170, 172. 178. 
180, and 181; (h) SEQ ID NO: 161. 167, 170, 172, 178. and 180; (i) SEQ ID NO: 
161, 167, 170, 172. and 178; (j) SEQ ID NO: 161, 167. and 170; (k) SEQ ID NO: 

. 181 and 182; 

Al HERZ/heu combinations such as : (a) SEQ ID NO:188, 189, 191, 194, 198, 200, 
201, and 208; (b) SEQ ID NO: 189. 191, 194. 198. 200. 201, and 208; (c) SEQ ID 
NO: 191, 194, 198. 200, 201, and 208; (d) SEQ ID NO: 194. 198, 200, 201. and 208; 
(e) SEQ ID NO: 198, 200, 201, and 208; (f) SEQ ID NO: 200, 201, and 208; (g) SEQ 
IDNO:201and208; 

(h)SEQIDNO:186, 188, 189, 191, 194, 198,200,and201;(i)SEQIDNO:186, 188, 
189, 191, 194. 198, and 200; Q) SEQ ID NO:186, 188. 189. 191. 194, and 198; (k) 
SEQ ID NO: 186, 188, 189, 191. and 194; (1) SEQ ID NO:186, 188, 189, and 191;'(m) 
SEQ IDNO:186, 188^and 189; Oi) SEQIDNO :186andl88; 
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Al MAGE2/3 combinations such as: (a) SEQ ID NO: 216, 219, 221, 228, 230, 234, 
and 236; (b) SEQ ID NO: 219, 221, 228, 230, 234, and 236; (c) SEQ ID NO: 221, 
228, 230, 234, and 236; (d) SEQ ID NO: 228, 230, 234, and 236; (e) SEQ ID NO: 
230, 234, and 236; (f) SEQ ID NO: 234 and 236; (g) SEQ ID N0:211, 216, 219, 221, 
228, 230, and 234; (h) SEQ ID N0:211, 216, 219,. 221, 228, and 230; (0 SEQ ID 
N0:21 1, 216, 219, 221, and 228; (j) SEQ ID N0:211, 216, 219, and 221; (k) SEQ ID 
N0:211, 216, and 219; (1) SEQ ID N0:211 and 216; (m) SEQ ID N0:211. 216, 219, 
221, 228, 234, and 236; 

Al p53 combinations such as: (a) SEQ ID NO: 239, 240, 242, and 246; (b) SEQ ID 
NO: 240, 242, and 246; (c) SEQ ID NO: 242 and 246; (d) SEQ ID NO:238, 239, 240, 
and 242; (e) SEQ ID NO:238, 239, and 240; (f) SEQ ID NO:238 and 239; (g) SEQ ID 
NO:238, 240, 242, and 246; (h) SEQ ID NO:238, 239, 242, and 246; (i) SEQ ID 
NO:238, 239, 240, and 246; 

A24 CEA combinations such as: (a) SEQ ID NO: 263, 265, 269, 272, 278, 279, 281, 
282, 285, 287, and 290; (b) SEQ ID NO: 265, 269, 272, 278, 279, 281, 282, 285, 
287, and 290; (c) SEQ ID NO: 269, 272, 278, 279, 281, 282, 285, 287, and 290; (d^ 
SEQ ID NO: 272, 278, 279, 281, 282, 285, 287, and 290; (e) SEQ ID NO: 278, 279, 
281, 282, 285, 287, and 290; (f) SEQ ID NO: 279, 281, 282, 285, 287, and 290; (g) 
SEQ ID NO: 281, 282. 285, 287, and 290; (h) SEQ ID NO: 282, 285, 287, and 290; 
(i) SEQ ID NO: 285, 287, and 290; Q) SEQ ID NO: 287 and 290; 
(k) SEQ ID NO:256, 263, 265, 269, 272, 278, 279, 281, 282, 285, and 287; 0) SEQ 
ID NO:256; 263, 265, 269, 272, 278, 279, 281, 282, and 285; (m) SEQ ID NO:256, 
263, 265, 269, 272, 278, 279, 281, and 282; (n) SEQ ID NO:256, 263, 265, 269, 272, 
278, 279, and 281; (o) SEQ ID NO:256, 263, 265, 269, 272, 278, and 279; (p) SEQ 
ID NO:256, 263, 265, 269, 272, and 278; (q) SEQ ID NO:256, 263, 265, 269, and 
272; (r) SEQ ID NO:256, 263, 265, and 269; (s) SEQ ID NO:256, 263, and 265; (t) 
SEQ ID NO:256 and 263; (u) SEQ ID NO:256, 263, 269, 272, 278, 279, 281, 282, 
285, and 287; 

A24 HER2/neu combinations such as: (a) SEQ ID NO: 293, 304, 305, 308, and 310; 
(b) SEQ ID NO: 304, 305, 308, and 310; (c) SEQ ID NO: 305, 308, and 310; (d) SEQ 
ID NO: 308 and 310; (e) SEQ ID NO:292, 293, 304, 305, and 308; (f) SEQ ID 
"m29'27 293,T04rand'"30^5r(^ 

and 293; (i) SEQ ID NO:292, 304, 305, 308, and 310; Q) SEQ ID NO:292, 293, 305, 
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308, and 310; (k) SEQ ID NO:292, 293, 304, 308, and 310; © SEQ ID NO:292, 293, 
304, 305. and 310; 

A24 MAGE2/3 combinations such as: (a) SEQ ID NO: 321, 324, 325, 331, 332, 333, 
334, 335, 336, 344, 345, and 351; (b) SEQ ID NO: 324, 325, 331, 332, 333, 334, 335, 
336, 344, 345, and 351; (c) SEQ ID NO: 325, 331, 332, 333, 334, 335, 336, 344, 345, 
and 351; (d) SEQ ID NO: 331, 332, 333, 334, 335, 336, 344, 345, and 351; (e) SEQ 
ID NO: 332, 333, 334. 335, 336, 344, 345, and 351; (f) SEQ ID NO: 333, 334, 335, 
336, 344, 345, and 351; (g) SEQ ID NO: 333, 334, 335, 336. 344, 345, and 351; (h) 
SEQ ID NO: 334, 335, 336, 344, 345. and 351; (i) SEQ ID NO: 335. 336, 344, 345. 
and 351; 0) SEQ ID NO: 336. 344, 345, and 351; (k) SEQ ID NO: 344, 345, and 351; 
G) SEQ ID NO:345 and 351; 

(m) SEQ ID NO:316, 321, 324, 325, 331, 332, 333. 334, 335, 336. 344. and 345; (n) 
SEQ ID NO:316, 321, 324, 325, 331, 332, 333, 334. 335, 336, and 344; (o) SEQ ID 
NO:316, 321, 324, 325, 331, 332, 333, 334, 335, and 336; (p) SEQ IDNO:316, 321, 
324, 325, 331, 332, 333, 334, and 335; (q) SEQ IDNO:316, 321. 324, 325, 331, 332, 
333, and 334; (r) SEQ ID NO:316, 321, 324, 325, 331, 332, and 333; (s) SEQ ID 
NO:316, 321, 324, 325, 331, and 332; (t) SEQ ID NO:316, 321, 324, 325, and 331; 
(u) SEQ ID NO:316, 321, 324, and 325; (v) SEQ TD NO:316. 321, and 324; (w) SEQ 
ID NO:316 and 321; (x) SEQ ID NO:316, 324, 325, 331, 332, 333, 335, 336, 344, 
and 351; 

A24 p53 combinations such as: SEQ ID NO:356 and 361; 

B44 CEA combinations such as: (a) SEQ ID NO:368, 369, 390, 399, and 403; (b) 
SEQ ID NO:369, 370, 375, 376, 377, and 420; and (c) SEQ ID NO:370. 375, 379. 
386, and 429; 

B44 HER2/neu combinations such as: (a) SEQ ID NO:432, 435, 436, 443, 448, 460, 
466, 467, and 488; (b) SEQ ID NO: 439, 473, 490, and 499; (c) SEQ ID NO:432, 
433, 440, 441, 447, 456, 459, and 471; (d) SEQ ID NO: 477, 490, 499, 508. 527, and 
535; 

B44 MAGE2 combinations such as: (a) SEQ ED NO: 645, 646, 647, 653, 665, 670, 
'6987Tl8,'ahd716r(R^Qlb"N6T 663^ 
655, 669, 677, 691, and 700; (d) SEQ ID NO: 651 and 673; 
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B44 MAGES combinations such as: (a) SEQ ID NO: 7 19. 720, 726. 732. and 740- (b) 
SEQ ID NO: 721, 725. 726, and 737; (c) SEQ ID NO: 726. 739. and 744; (d) ID 
NO: 722, 723. 728 and 735; (e) SEQ ID NO: 720, 728, 731. 736, and 741; 

B44 p53 combinations such as: (a) SEQ ID NO: 598, 602. 603. and 617; (b) SEQ ID 
NO: 589, 599, 600. and 605; (c) SEQ ID NO:600. 603. 604. and 607; (d) SEQ ID 
NO: 601, 602. 604. and 609; 

A2 combinations such as: (a) SEQ ID NO: 6, 8, 16, 18, 22. 23, and 24; (b) SEQ ID 
NO: 8, 16. 18. 22, 23, and 24; (c) SEQ ID NO: 16, 18. 22, 23. and 24; (d) SEQ ID 
NO: 18, 22, 23, and 24; (e) SEQ ID NO: 23 and 24; (f) SEQ ID NO: 1, 19. 3. and 4- 
(g) SEQ ID NO: 2. 6, 8. 16. 18. 22. and 23; (h) SEQ ID NO: 2. 6. 8. 16, 18] and 22- 
(i) SEQ ID NO: 2. 6, 8. 16. 18. and 22; Q) SEQ ID NO: 2. 6, 8. 16. and 18; (k) SEQ 
ID NO: 2. 6. 8. and 16; (1) SEQ ID NO: 2, 6, and 8; and (m) SEQ ID NO: 2 and 6; 
(n) SEQ ID N0:3, 4. 5. and 17; (o) SEQ ID NO: 20. 21. and 25; (p) SEQ ID NO: 1. 
10, 17. and 25; (q) SEQ ID NO: 4. 5, 10. 17, and 25; 

TAA combinations such as: (a) SEQ ID NO: 1, 17. 22. 104, 1 14. 133. 136. 146. 170. 
189, 221, 310. 336. 361. and 399; (b) SEQ IDN0:111. 124, 133, 140, 155, 180.' 194,' 
228. 246, and 281; (c) SEQ ID NO: 16, 18, 25. 43. 68. 117. 309, and 499; (d) SEQ ID 
NO: 48. 55, 97. 369. 409. and 512; (e) SEQ ID NO: 55. 99. 135. 238. and 602; (f) 
SEQ ID NO: 1. 58. 77. 104. 128. 166. 207. 240. 360. and 403; (g) SEQ ID N0:17. 50. 
72, 130, 161, 199. 300. and 627; (h) SEQ ID NO: 10, 55. 82. 104. 198. 400. 433.'and 
501; (i) SEQ ID NO: 3. 22, 122. 196, 211. 301. 360. and 667; (j) SEQ ID NO: 1. 21 
44, 100. 207. 405, and 661. 

[00103] Compositions of the invention may also comprise or consist of combinations of 
the above combinations, including: 

A24 combinations such as: A24 CEA (a) and A24 HER2Meu (a); A24 CEA (a) and 
A24 MAGE2/3 (a); A24 CEA (a) and A24 p53; A24 CEA (c) and A24 HER2Meu (e); 
A24 CEA (i) and A24 MAGE2/3 (a); A24 CEA (n) and A24 p53 (k); 
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A3 combmations such as: A3 CEA (a) and A3 HER2/neu (a); A3 CEA (a) and A3 
MAGE2/3 (a); A3 CEA (a) and A3 p53 (a); A3 CEA (d) and A3 HER2Aieu (b)- A3 
CEA (f) and A3 MAGE2/3 (i); A3 CEA (e) and A3 p53 (a); 

CEA combinations such as: A24 CEA (a) and Al CEA (a); A24 CEA (b) and Al 
CEA (a); A24 CEA (c) and Al CEA (a); A24 CEA (c) and Al CEA (a); A3 CEA (a) 
and A 1 CEA (a); A3 CEA (b) and A 1 CEA (a); A3 CEA (c) and A24 CEA (aV B7 
CEA (c) and Al CEA (a); 

B7 CEA (a) and A3 CEA (a); B44 CEA (b) and Al CEA (a); A3 CEA (e) and Al 
CEA(g);A3CEA(i)andAlCEA(m);. 

Al CEA (a), (b) (c). (d). (e), (f) (g), (h), (i), (j), or (k) epitopes/analogs, and A3 CEA 
(a), (b) (0), (d), (e). (f) (g), (h). (i). (j), or (k) epitopes/analogs, and B7 CEA (a), (b) 
(c). (d), (e), (f) (g), (h), (i), (j), or (k) epitopes/analogs, and A3 p53 (a), (b) (c),'(d), 
(e). (f) (g), (h). (i). 0). or (k) epitopes/analogs, and B44 MAGE2 (a), (b) (c), (d), (e),' 
Kf) (g). (h), (i), 0), or (k) q)itopes/analogs. and A3 MAGE2 (a), (b) (c), (d), (e), (f) 
(S)> (h)> (i), 0)> or (k) epitopes/analogs; 

A24 CEA (a), (b) (c), (d). (e). (f) (g). (h). (i). Q). or (k) epitopes/analogs. and A2 
CEA (a), (b) (c). (d), (e), (0 (g), (h), (i). 0). or (k) epitopes/analogs. and B7 MAGE3 
(a), (b) (c). (d), (e), (0 (g), (h), (i). G). or (k) epitopes/analogs. and B44 p53 (a), (b) 
(c), (d), (e), (f) (g). (h). (i). (j). or (k) epitopes/analogs; 

A3 CEA (a), (b) (c). (d). (e). (f) (g). (h). (i). Q). or (k) epitopes/analogs, and B7 p53 

(a) , (b) (c). (d). (e), (0 (g), (h). (i). (j), or (k) epitopes/analogs, and B44 MAGE3 (a) 

(b) (c), (d), (e). (f) (g), (h), (i), 0). or (k) epitopes/analogs. and A24 HER2/neu (a) (b) 

(c) . (d), (e), (f) (g), (h). (0, (j), or (k) epitopes/analogs. 

101471 Compositions of the invention may comprise polynucleotides encoding 

the above peptides, and/or combinations of polynucleotides eacoding the 
above combinations of pq)tides. 

10148] The composition can comprise at least 2, at least 3, at least 4. at least 5, 
- . at Jeast ay.ejst7,atJeast 8,-atJeast-9i-at leasH«;-aMeastll7ii leasrr2.-ar " 
least 13. at least 14, at least 15, at least 16, at least 17. at least 18. at least 19, 
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at least 20, at least 21, at least 22, at least 23, at least 24, at least 25, at least 
26, at least 27, at least 28, at least 29, at least 30, at least 31, at least 32, at 
. least 33, at least 34, at least 35, at least 36, at least 37, at least 38, at least 39, 
at least 40, at least 41, at least 42, at least 43, at least 44, at least 44, at least 
45, at least 46, at least 47, at least 48, at least 49, at least 50, peptides or 
polynucleotides selected from those described above or below. At least one of 
the one or more peptides can be a heteropolymer or a homopolymer. 
Additionally, the composition can comprise a CTL and/or HTL q)itope, which 
can be derived from a tumor-associated antigen. The additional epitope can 
also be a PanDR binding molecule, (eg., a PADRE® universal helper T cell 
epitope). 

[0149] Optional components include excipients, diluents, proteins such as 

I peptides comprising a CTL epitope, and/or an HTL epitope such as a pan-DR 
binding peptide (eg-., a PADRE® universal helper T cell epitope), and/or a 
carrier, polynucleotides encoding such proteins, lipids, or hposomes, as well 
as other components described herein. There are nxmierous embodiments of 
compositions in accordance with the invention, such as a cocktail of one or 
more peptides and/or polynucleotides; one or more peptides and/or analogs 
and one or more CTL and/or HTL epitopes; and/or nucleic acids that encode 
such peptides, e.g,, minigenes. 

[0150] Conqpositions may comprise one or more peptides (or polynucleotides 

such as minigenes) of the invention, along with one or more other components 
as described above and herein. "One or more" refers to any whole xmit integer 
from 1-150, eg., at least 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 
40 , 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 105, 110, 115, 120, 125, 
130, 135, 140, 145, or 150 peptides, polynucleotides, or other components. 

[0151] Compositions of the invention may be, for example, polynucleotides or 

polypeptides of the invention combined with or .complexed to cationic lipid 
formulations; Upopeptides (eg.,Vitiello, A. et al.^ J, Clin. Invest 95:341, 
1995), encapsulated e.g., in poly(DL-lactide-co-glycolide) ("PLG") 
" miCT0sphCTes~(5e(^^^ T^lecTlimnurw^^ T99ir 

Alonso et al. Vaccine 12:299-306, 1994; Jones et al. Vaccine 13:675-681, 
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1995); peptide con^ositicms contained in inmnme stimulating complexes 
(BCOMS) {see, e.g., TakahasM et al. Nature 344:873-875, 1990; Hu et al, 
Clin Exp Immunol 113:235.243, 1998); multiple antigen peptide systems' 
(MAPS) {see e.g., Tam, J. P., Proc. Natl Acad. Sci. U.S.A. 85:5409-5413, 
1988; Tam, JJ>., J. Immunol Methods 196:17-32. 1996); viral, bacterial, or, 
fimgal delivery vectors (Peikus, M. E. et al. In: Co?icepts in vaccine 
development, Kaufinann, S. H. E., ed., p. 379, 1996; Chakrabarti, S. et al. 
Nature 320:535. 1986; Hu, S. L. et al. Nature 320:537, 1986; Kieny, M.-P. It 
al, AIDS Bio/Technology 4:790, 1986; Top, F. H. et al, J. Infect Dis. 
124:148, 1971; Chanda, P. K. et al. Virology 175:535, 1990); particles of viial 
or synthetic origin {e.g., Kofler, N. et al, J. Immunol Methods. 192:25, 1996; 
Eldridge, J. H. et al, Sem. Hematol 30:16, 1993; Falo, L. D., Jr. et al. Nature 
Med 7:649, 1995); adjuvants (e.g., incomplete Freund's adjuvant) (Wanen, H. 
S., Vogel, F. R., and Chedid, L. A. Annu. Rev. Immunol 4:369, 1986; Gupta, 
R. K. et al. Vaccine 1 1:293. 1993); liposomes (Reddy. R.&al.,J. Immunol 
148:1585, 1992; Rock, K. L., Immunol Today 17:131, 1996); or, particle- 
absorbed cDNA or other polynucleotides of the invention (Ulmer, J. B. et al.. 
Science 259:1745. 1993; Robinson. H. L., Hmit. L. A., and Webster, R. G..' 
Vaccine 11:957, 1993; Shiver, J. W. et al.. In: Concepts in vaccine 
development, Kaufinami, S. H. B.. ed, p. 423, 1996; Cease, K. B., and 
Beizofiiky, J. A., Annu. Rev. Immunol 12:923, 1994 and Eldridge, J. H. et al, 
Sem. Hematol 30:16. 1993), etc. Toxin-targeted deUvery technologies, also' 
known as receptor mediated targeting, such as those of Avant 
Iinmunotherapeutics, Inc. (Needham, Massachusetts) or attached to a stress 
protein, e.g., HSP 96 (Stressgen Biotechnologies Coip., Victoria, BC, Canada) 
can also be used. 

[0152] Compositions of the invention comprise polynucleotide-mediated 

modaHties. DNA or RNA encoding one or more of flie peptides of the 
invention can be administered to a patient. This approach is described, for 
instance, in Wolff et. al. Science 247:1465 (1990) as weU as U.S. Patent Nos. 
5.580,859^5^9,466;^,804,566j_5^739,118; 5^736.524; 5,679, 647; and, WO 
"P8704720. Exampfes orbNA-based"deKvery technologies include "naked 
DNA", facilitated (bupivicaine, polymers (e.g., PVP. PINC, etc.), peptide- 
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mediated) delivery, cationic lipid complexes, and particle-mediated Q^gene 
gun") or pressure-mediated deliv^y (see, e.g., U.S. Patent No. 5,922,687). 
Accordingly, peptides of the invention can be e3q)ressed by viral or bacterial 
vectors. Examples of e3q>ression vectors include attenuated viral hosts, such 
as Modified Vaccinia Ankara (]MVA) (e.g.. Bavarian Noridic), vaccinia or 
fowlpox. For example, vaccinia virus is used as a vector to express nucleotide 
sequences that encode the peptides of the invention. Upon introduction into 
an acutely or chronically infected host or into a non-infected host, the 
recombinant vaccinia virus expresses tiie immunogenic peptide, and thereby 
elicits an immune response. Vaccinia vectors and methods useful in 
immunization protocols are described in, eg-., U.S. Patent No. 4,722,848. 
Another vector is BCG (Bacille Calmette Guerin). BCG vectors are described 
in Stover et al. Nature 351:456-460 (1991). A wide variety of other vectors 
useful for therapeutic administration or immunization of the peptides of the 
invention, e.g. adeno and adeno-associated virus vectors, alpha virus vectors,, 
retroviral vectors. Salmonella typhi vectors, detoxified anthrax toxin vectors, 
and the like, are apparent to those skilled in the art fi-om the description hereiiL 

[0153] In certain embodiments, components that induce T cell responses are 

combined with components that induce antibody responses to the target 
antigen of interest. A preferred embodiment of such a composition comprises 
class I and class n epitopes in accordance with the inventioiL Alternatively, a 
composition comprises a class I and/or class n epitope in accordance with the 
invention, along with a PADRE® molecule (Epimmune, San Diego, CA). 

[0154] Compositions of the invention can comprise antigen presentmg cells, 

such as dendritic cells. Antigen presenting cells, dendritic cells, may be 
transfected, e.g., with a polynucleotide such as a niinigene construct m 
accordance wifli the invention, in order to elicit inmiune responses. The 
peptide can be bound to an HLA molecule on the antigen-resenting cell, 
whereby when an HLA-restricted cytotoxic T lymphocyte (CTL) is presmt, a 
receptor of the CTL binds to a complex of the HLA molecule and ttie peptide. 

[0155] The compositions of the invention may also comprise antiviral drugs 

such as interferon-a, or immune adjuvants such as IL-12, G^(1-CSF, etc. 
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[01561 Compositions may comprise an HLA heavy chain, P2-microglobulin, 

streptavidin. and/or biotin. The stteptavidin may be flnorescently labeled. 
Compositions may comprise tetamers (see e.g., U.S. Pat. No. 5,635 363- 
Science 274:94-96 (1996)). A tetiamer con^osition comprising an HIA 
heavy chain, P2-micK,globulin.streptavidin. and biotin. The stteptavidin may 
be fluoiescently labeled. Compositions may also comprise dimers. A dimer 
composition comprises as MHC molecule and an Ig molecule {see e.g., PNAS 
95:7568-73 (1998)). 

[01571 In some embodiments it may be desirable to include in the 

compositions of the invention at least one component which primes cytotoxic 
T lymphocytes. Lipids have been identified as agents capable of priming CTL 
i« v/vo against viral antigens. For example, pahnitic acid residues can be 
attached to the e-and a- amino groups of a lysine residue and then linked. e.g.. 
via one or more linking residues such as Gly. Gly-Gly-. Ser, Ser-Ser. or the 
like, to an immunogenic pq,tide. The Upidated peptide can then be 
administered either directty in a miceUe or particle, incorporated into a- 
Hposome. or emulsified in an adjuvant, e,g.. incomplete FremKi's adjuvant. A 
preferred composition comprises pahnitic acid attached to e- and a- amino 
groups of Lys, which is attached via Imkage. e.g., Ser-Ser. to the amino 
terminus of flie peptide. 
[01581 As another example of Kpid priming of CTL responses. E. coli 

fipopioteins. such as tripahnitoyl-S-glycerylcysteinlyseryl-serine (P3CSS) can 
be used to prime virus specific CTL when covalently attached to an 
^propriate peptide (see, e.g., Deres. et al, Nature 342:561. 1989). Peptides 
of the mvention can be coupled to P3CSS. for example, and the hpopq,tide 
admmistered to an individual to specifically prime a CTL response to the 
target antigen. Moreover, because the induction of neutrahzing antibodies can 
also be primed with PaCSS-conjugated epitopes, two such compositions can 
be combmed to more effectively eUcit both humoral and cell-mediated 
responses. 

[0159]^^ Anothe r prefei red embodiment is a composition compriring ^ 
more peptides of the invention emulsified in IFA 
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[0160] Compositions of the iavention may also coi]:q)rise CTL and/or HTL 

peptides. Such CTL and HTL peptides can be modified by the addition of 
amino acids to tiie termini of a peptide to provide for ease of Unking peptides 
one to another, for coiq)ling to a carrier support or larger peptide, for 
modifying the physical or chemical properties of the peptide or oligopeptide, 
or the like. Amino acids such as tyrosine, cysteine, lysine, glutamic or 
aspartic acid, or naturally or unnaturally occuring amino acid residues, can be 
introduced at the carboxyl- or anuno-terminus of the peptide or oligopeptide, 
particularly class I peptides. However, it is to be noted that modification at the 
carboxyl terminus of a CTL epitope may, in some cases, alter binding 
characteristics of the peptide. In addition, the peptide or oligopeptide 
sequences can differ from the natural sequence by being modified by terminal- 
NH2 acylation, e,g,^ by alkanoyl (C1-C20) or thioglycolyl acetylation, terminal- 
carboxyl amidation, e.g., ammonia, methylamine, etc. In some instances these 
modifications may provide sites for linking to a support or other molecule. 
CTL and HTL epitopes may comprise additional amino acids, such as those 
described above including spacers. 

[0161] A further embodiment of a composition in accordance with the 

invention is an antigen presenting cell that comprises one or more peptides in 
accordance with the invention. The antigen presenting cell can be a 
''professional" antigen presenting cell, such as a dendritic cell. The antigen 
presenting cell can comprise the peptide of the invention by any means known 
or to be determined in the art Such means include pulsing of dendritic cells 
with one or more individual peptides, by nucleic acid administration such as 
ballistic nucleic acid delivery or by otiier techniques in the art for 
administration of nucleic acids, including vector-based, e.g. viral vector, 
delivery of nucleic acids. 

[0162] Compositions may comprise carriers. Carriers that can be used with 

compositions of the invention are well known in the art, and include, e.g., 
thyroglobuUn, albumins such as human serum albumin, tetanus toxoid, 
polyamino acids such as poly L-lysine, poly L-glutamic acid, influenza virus 
proteins, B^atitis B virus core profe^^ The like.' " 
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[0163] The compositions (e.g. pharmaceutical compositions) can contain a 

physiologically tolerable diluent such as water, or a saline solution, preferably 
phosphate bufiered saline. Additionally, as disclosed herein, CTL req)onses 
can be primed by conjugating peptides of the invention to lipids, such as 
tripahnitoyl-S-gJyceryl-cysteinyl-seryl-serine (P3CSS). 

[0164] Compositions of the invention may be phaimaceutically acceptable 

compositions. Pharmaceutical compositions preferably contain an 
immunologically efifective amount of one or more peptides and/or 
polynucleotides of the invention, and optionally one or more other 
components which are pharmaceutically acceptable. A preferred composition 
comprises one or more peptides of the invention and IF A. A more preferred 
composition of the invention comprises one or more peptides of the invention, 
one or more peptides, and IFA. 

[0165] Upon immunization with a peptide and/or polynucleotide and/or 

composition in accordance with the invention, via injection (e.g., SC, ID, IM), 
aerosol, oral, transdermal, transmucosal, intrapleural, intrathecal, or other 
suitable routes, the immune system of the host responds to the vaccine by an 
immune response comprising the production of antibodies, CTLs and/or HTLs 
specific for the desired antigen(s). Consequently, the host becomes at least 
partially immune to subsequent exposure to the TAA(s), or at least partially 
resistant to further development of TAA-bearing cells and thereby derives a 
prophylactic or therapeutic benefit. 

[0166] Furthermore, the peptides, primers, and epitopes of the invention can 

be used in any desired immunization or administration regimec^ e.g., as part of 
periodic vaccinations such as annual vaccinations as in the veterinary arts or as 
in periodic vaccinations as in the himian medical arts, or as in a prime-boost 
regime wherein an inventive vector or recombinant is administered eith^ 
before or after the administration of the same or of a differmt epitope of 
interest or recombinant or vector expressing such as a same or different 
epitope of interest (including an inventive recombinant or vector expressing 
such as a same or different epitope of interest), see, e.g., U.S. Pat Nos. 
T,997,878;-6,T30;0W5,r80;398r6,2'67;9^^^ ana'6;348,450: "Sn'useiul^viral^ 
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vector of the present invention is Modified Vaccinia Ankara (MVA) (e.g.. 
Bavarian Noridic (MVA-BN)). 
[0167] Recent studies have indicated that a prime-boost protocol, whereby 
unmunization with a poxvirus recombinant expressing a foreign gene product 
is foUowed by a boost using a purifired subunit preparation fomi of that gene 
product, ehcits an enhanced immnne response relative to the r««ponse elicited 
with either product alone. Human volunteers immunized with a vaccinia 
recombinant expressing the fflV-l envelope glycoprotein and boosted with 
purified mv-l envelope glycoprotein subunit preparation exhibit higher HIV- 
1 neutralizing antibody titers than individuals immunized with just the 
vaccinia recombinant or purified envelope glycoprotein alone (Graham et al, 
J. Infect. Dis., 167:533-537 (1993); Cooney aL, Proa Natl. Acad. ScL USA 
90:1882-1886 (1993)). Humans immunized with two injections of ;m 
ALVAC-HIV-1 env recombinant (vCP125) feiled to develop HIV q)ecific 
. antibodies. Boosting with purified rgpl60 fiom a vaccinia virus recombinant 
resultmg in detectable HIV-1 neutralizing antibodies. Furthemiore. specific 
lymphocyte T ceU proUferation to igpl60 was clearly increased by tiie boost 
•with rgpieo. Envelope specific cytotoxic lymphocyte activity was also 
detected with this vaccination regimen (Pialoux et al., AIDS Res. and Hum 
Retroviruses, 11:272-381 (1995)). Maroaques immunized with a vaccinia 
lecombinant expressing the simian immunodeficiency virus (SIV) envelope 
gjycoprotein and boosted with SIV envelope glycqprotein fiom a baculovirus 
recombinant are protected against SIV chaUenge (Hu et al., AID Res. and 
Hum. Retroviruses, 3:615-620 (1991); Hu et al.. Science 255:456-459 (1992)). 
In the same feshion. purified HCMVgB protein can be used in prime-boost 
protocols with NYVAC or ALVAC-gB recombinants. 
[0168] In certain embodiments, the polynucleotides are complexed in a 

Uposome preparation. Liposomal preparations for use in the instant invention 
include cationic (positively charged), anionic (negatively charged) and neutral 
prq)arations. However, cationic liposomes are particularly preferred because a 
tight charge craiplex can be formed between the cationic l^posOTie and tiie_ 
polyamWc hWeic-aSidrCatioac^ h^^^^^ miiiT" ' 

intracellular delivery of plasmid DNA (Feigner et al., Proc. Natl Acad. ScL 
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USA 84'JAnm6 (1987), which is herein incorporated by reference); mRNA 
(Malone et ai, Proc. Natl Acad. Sci. USA 86:6(nmSl (1989), which is 
herem incorporated by reference); and purified transcription factors (Debs et 
al., J. Biol Chem. 255:1018910192 (1990), which is herein incorporated by 
reference), in functional form. 
[0169] Cationic Uposomes are readily available. For example. N-[12,3- 
dioleyIoxy)-propyl].N,N.N-triethylammonimn (DOTMA) Uposomes are 
particularly useful and are available under the trademark Lipofectin, fiom 
GIBCO BRL, Grand Island, RY. (See. also, Feigner et al, Proc. Natl Acad. 
Sci. USA 5^:74137416 (1987)). Other commerciaUy available liposomes 
include transfectace (DDAB/DOPE) and DOTAP/DOPE (Boehringer). 
101701 Other cationic Uposomes can be prepared from readUy available 

materials using techniques weU known in the art. See, e.g. PCX PubUcation 
No. WO 90/11092 for a description of the synthesis of DOTAP 
(l,2-bis(oleoyloxy)-3-(trimethylammomo)propane) Uposomes. Preparation of 
DOTMA Uposomes is explained in the Uterature, see, e.g., P. Feigner et al, 
Proc. Natl Acad. Sci. USA 5^:74137417. Similar methods can be used to' 
prepare Uposomes from other cationic Upid materials. 
[0171] Similarly, anionic and neutral Uposomes are readily available, such as 

from Avanti Polar Lipids (Birmingham, Ala.), or can be easily prq)aiBd using 
readUy available materials. Such materials include phosphatidyl, choUne, 
cholesterol, phosphatidyl ethanolamine, dioleoylphosphatidyl choUne 
(DOPC), dioleoylphosphatidyl glycerol (DOPG), dioleoylphoshatidyl 
ethanolamine (DOPE), among others. These materials can also be mixed with 
the DOTMA and DOTAP starting materials in appropriate ratios. Methods for 
making Uposomes using these materials are well known in the art. 
[0172] For example, commercially available dioleoylphosphatidyl choUne 

(DOPC), dioleoylphosphatidyl glycerol (DOPG), and dioleoylphosphatidyl 
ethanolamine (DOPE) can be used in various combinations to make 
conventional Uposomes, with or without the addition of cholesterol. Thus, for 
example, DOPG/DOPC vesicles can be prepared by drying 50 mg each of 
DOPa aSaiJOFC uHaer a sSeaS" oTnitrog^ gasl^to~a7onication viaL The" 
sample is placed under a vacuum pump overnight and is hydrated the 
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foUowing day with ddonized water. The sample is then scraicated for 2 houre 
in a capped vial, using a Heat Systems model 350 sonicator equipped wiA an 
inverted cup (bath type) probe at the maximum setting while the bath is 
circulated at 15EC. Alternatively, negatively charged vesicles can be prepared 
without sonication to produce multilamellar vesicles or by extrusion through 
nucleopore membranes to produce unilamellar vesicles of discrete size. Other 
methods ate known and available to those of skiU in the art. 
[0173] The Hposomes can comprise multilamellar vesicles (MLVs), smaU 

unilameUar vesicles (SUVs), or large unilameUar vesicles (LUVs), with SUVs 
being preferred. The various Uposome nucleic acid complexes are prepared 
using methods well known in the art. See, e.g., Straubinger et cd.. Methods of 
Immunology 101:512527 (1983). For example. MLVs containing nucleic add 
can be prepared by depositing a thin fihn of phospholipid on the waUs of a 
glass tube and subsequently hydrating with a solution of the material to be 
encjqjsulated. SUVs are prepared by extended sonication of MLVs to produce 
a homogeneous population of unilameUar Uposomes. The material to be 
entrapped is added to a suspension of preformed MLVs and then sonicated. 
When using Uposomes containing cationic Upids, the dried Upid fihn is 
resuspended in an ^ropriate solution such as sterile water or an isotonic 
buffer solution such as 10 mM TWs/NaCl, sonicated, and then the preformed 
Uposomes are mixed directly with the DNA. The Uposome and DNA foim a 
very stable complex due to binding of the positively charged Uposomes to the 
cationic DNA. SUVs find use with smaU nucleic acid fragments. LUVs are 
prepared by a number of methods. weU known in the art. Commonly used 
methods include Ca^^-EDTA chelation (Papahadjopoulos et al, Biochim. 
Biophys. Acta 394:483 (1975); Wilson et al.. Cell 17:77 (1979)); ether 
injection (Deamer. D. and Bangham, A., Biochim. Biophys. Acta 443:629 
(1976); Ostro et al, Biochem. Biophys. Res. Commun. 76:836 (1977); Fraley 
et al., Proc. Natl. Acad. Sci. USA 75:3348 (1979)); detergent dialysis (Enoch, 
H. and Strittmatter, P., Proc. Natl Acad Sci. USA 75:145 (1979)); and 
reversephase evaporation (REV) (Fraley et al, J. Biol Chem. 255:10431 
irmy, Szoka,F. andPapahadjopoulos,D.,Proc. Natl Acad ScL USA 75:145 
(1978); SchaeferRidder et al. Science 215:166 (1982)). 
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[0174] Generally, the ratio of DNA to liposomes will be fiom about 10:1 to 

about 1:10. Preferably, the ration will be &om about 5:1 to about 1:5. More 
preferably, the ration will be about 3:1 to about 1:3. Still more preferably, tiie 
ratio will be about 1:1. . 

[0175] U.S. Patent No. 5,676,954 reports on the injection of gmetic material, 

complexed with catiordc liposomes carriers, into mice. U.S. Patent Nos. 
4,897,355, 4,946,787, 5,049,386, 5,459,127, 5,589,466, 5,693,622, 5,580,859, 
5,703,055, and international publication no. WO 94/9469 provide cationic 
lipids for use in transfecting DNA into cells and mammals. U.S. Patent Nos. 
5,589,466, 5,693,622, 5,580,859, 5,703,055, and intemational pubUcation no. 
WO 94/9469 provide methods for delivering DNA-cationic lipid complexes to 
mammals. 

Binding Affinity of Epitopes and Analogs for HLA Molecules 

[0176] As indicated herein, the large degree of HLA polymorphism is an 

important factor to be taken into account with the epitope-based approach to 
developing therapeutics and diagnostics. To address this factor, epitope 
• selection encompassing identification of peptides capable of binding at high or 
intermediate affinity to multiple HLA molecules is preferably utilized, most 
preferably these epitopes bind at high or intermediate aflSnity to two or more 
allele-specific HLA molecules. However, in some embodiments, it is 
preferred that all epitopes in a given coniposition bind to the alleles of a single 
HLA supertype or a single HLA molecule. 

[0177] Epitopes and analogs of the invention preferably include those that 

have an IC50 or binding afBnity value for a class I HLA molecule(s) of 500 
nM or better (i.e., the value is ^ 500 nM). In certain embodiments of the 
invention, peptides of uiterest have an ICso or binding afSnity value for a class 
I HLA molecule(s) of 200 nM or better. In certain embodiments of the 
invention, peptides of interest, such as Al and A24 peptides, have an ICso or 
binding afBnity value for a class I HLA molecule(s) of 100 nM or better. If 
-ifEt epitopes-are-indudedrthey preferab^^^ 
or binding aflSnity value for class n HLA molecules of 1000 nM or better, 
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(Le., the value is ^ 1.000 nM). For example, peptide binding is assessed by 
testing the edacity of a candidate peptide to bind to a purified HLA molecule 
in vitro. Pq,tides exhibiting high or intemiediate afSnity aie then considered 
for further analysis. Selected peptides are generally tested on other members 
of the s,q,ertype femily. In preferred embodiments, peptides that exhibit 
ctoss-reactive binding are then used in cellular screening analyses or vaccines. 
[01781 The relationship between binding affinity for HLA class I molecules 

and immunogenicity of discrete peptide epitopes on bound antigens was 
detennined for the first time by inventors at Epimmune. As disclosed m 
greater detail herein, higher HLA binding afiBnity is conelated with greater 
immunogenicity. 

10179] CSreater immmiogenicity can be manifested in several different ways, 

hnmunogenicity corresponds to whether an immune response is ehcited at all. 
and to the vigor of any particular response, as well as to the extent of a 
population in which a response is ehcited. For example, a peptide might elicit 
an immune response in a diverse array of the population, yet in no instance 
produce a vigorous response, m accordance with these principles, close to 
90% of high binding peptides have been found to eHdt a response and thus be 
"immunogenic." as contrasted wilh about 50% of the peptides that bind with 
intemiediate aflSnity. (See. e.g.. Schaeffer et al PNAS (1988)) High affinity- 
binding class I peptides generally have an affinity of less than or equal to 100 
nM. Moreover, not only did peptides with higher binding affinity have an 
enhanced probabihty of generating an immmie response, the generated 
response tended to be more vigorous than the response seen with weaker 
bmding peptides. As a result, less peptide is required to eUcit a similar 
biological effect if a high affinity bmding peptide is used rather than a lower 
affinity one. Thus, in some preferred embodiments of the invention, high 
afSnity binding epitopes are used. 
[0180] The correlation between binding afiSnity and immmiogenicity was 

analyzed by the present inventors by two different experimental approadies 
{see, e.g., Sette. et al. J. Immunol 153:5 586-559 2 (1994)). Ih the first 
■ ^pfoacH. th-e-iSmiundieiucity of potential epitopes raningk HLA bindmg ~~ 
affinity over a 10.000-fold i^ge was analyzed in HLA-A*0201 transgenic 
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mice. In the second approach, the antigenicity of approximately 100 different 
hepatitis B virus (HBV)-derived potential epitopes, all carrying A'^OZOl 
binding motife, was assessed by using PBL from acute hepatitis patients. 
Pursuant to these ^proaches, it was determined that an aflBnity threshold 
value of approximately 500 nM (preferably SO nM or less) determines the 
capacity of a peptide epitope to elicit a CTL response. These data are true for 
class I binding afSnity measurements for naturally processed peptides and for 
synthesized T cell epitopes. These data also indicate the important role of 
determinant selection in the shaping of T cell responses (see, e.g., SchaefEer et 
al Proc. Natl Acad. Set. USA 86:4649-4653 (1989)). 

[0181] An afOnity threshold associated with inmiunogenicity in the context of 

HLA class U (/.e., HLA DR) molecules has also been delineated (see^ eg., 
Southwood et al 1 Immunology 160:3363-3373 (1998), and U.S. Patent No. 
6,413,527, issued July 2, 2002). In order to define a biologically significant 
threshold of HLA class n binding aflSnity, a database of the binding affinities 
of 32 DR-restricted epitopes for their restricting element (z.e, the HLA 
molecule that binds the epitope) was compiled. In approximately half of the 
cases (15 of 32 epitopes), DR restriction was associated with high binding 
affinities, i.e. binding affinity values of 100 nM or less. In the other half of the 
cases (16 of 32), DR restriction was associated with intermediate affinity 
(binding affinity values in the 100-1000 nM range). In only one of 32 cases ' 
. was DR restriction associated with an IC50 of 1000 nM or greater. Thus, 1000 
nM is defined as an affinity threshold associated with immunogenicity in the 
context of DR molecules. 

[0182] The binding affinity of peptides for HLA molecules can be determined 

as described in Example 3, below. 

Epitope Binding Motifs and Supermotifs 

[0183] Throu^ the study of single amino add substituted antigen analogs and 

the sequencing of endogenously bound, naturally processed peptides, critical 
j:esiduesj:equiiedjroc..allele=specificJ)inding.-to JILA^olecules liave-J)een^. 
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identified. The presence of these residues in a peptide correlates with both the 
probabiUty of binding and with binding afBnity for HLA molecules. 
[0184] The identification ofmotife and/or supennotife that correlate with high 
and intermediate aflBnity binding is important when identifying immunogenic 
peptide epitopes for the inclusion in a vaccine. Kast et al. (J. Immunol 
152:3904-3912 (1994)) have shown that motif-bearing peptides accomit for 
90% of the epitopes that bind to allele-specific HLA class I molecules. In the 
Kast study. aU possible 9 amino acid long peptides, each overlapping by eight 
amino acids, which cover the entire sequence of the E6 and E7 proteins of 
human papillomavirus type 16 were generated, which produced 240 peptides. 
All 240 peptides were evaluated for binding to five allele-specific HLA 
molecules that are expressed at high fi^uency among different ethnic groups. 
This unbiased set of peptides aUowed an evaluation of the predictive values of 
HLA class I motifs. From the set of 240 peptides, 22 peptides were identified 
that bound to an allele-specific HLA molecule with high or intermediate 
afBnity. Of these 22 peptides. 20 (i.e. 91%) were motif-beaiing. ITius, this 
study demonstrated the value of motife for identification of peptide epitopes to 
be included in a vaccine. 

[0185] Accordingly, the use ofmotif-based identification techniques idaitifies 
approximately 90% of aU potential epitopes in a target protein sequence. 
Without the disclosed motif analysis, the ability to practically identify 
inmiunogenic peptide(s) for use in diagnostics or ther^eutics is seriously 
inq)aiied. 

I0186I Pq)tides. pharmaceutical compositions and vaccines of the present 

invention may also con?)rise qiitopes that bind to MHC class H DR 
molecules. A greater degree of heterogeneity in both size and binding frame 
position of the moti^ relative to the N- and C- temiini of the peptide, exists for 
class n pqjtide ligands. This increased heterogeneity of HLA class H peptide 
Kgands is due to the stmcture of the binding groove of the HLA class H 
molecule which, unlike its class I counterpart, is less physically constricted at 
bofli ends^ Crystallo^aphicjnalysis of HLA class E DRB*0101-peptide 
•complexes- to~iaSifify-ffie r^idues"associated '^^^o^m^^~ ' 
identified those residues complexed with complementary pockets on flie 
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DRBI'^OlOl molecules. An important anchor residue engages the deepest 
hydrophobic pocket {see, e.g.. Madden, D.R. Ann. Rev. Immunol. 13:587 
(199S)) and is referred to as position 1 (PI). PI may represent the N-terminal 
. residue of a class n binding peptide epitope, but more typically is flanked 
towards the N-termiaus by one or more residues. Other studies have also 
pointed to an important role for the peptide residue in the sixth position 
towards the C-tenninus» relative to PI, for binding to various DR molecules. 
See, e.g., U.S. Patent 5,736,142, and co-pending plications entitled 
Alteration Of Immune Responses Using Pan DR Bmding Peptides, U.S.S.N. 
09/709,774, filed November 8, 2000 and 09/707,738, filed November 6, 2000. 

[0187] Thus, a large fiaction of HLA class I and class n molecules can be 

classified into a relatively few supertypes, each respective supertype 
characterized by largely overlapping peptide binding repertoires, and 
consensus structures of the main peptide binding pockets. Thus, peptides of 
the present invention are preferably identified by any one of several HLA- 
specific amino acid motifs (see, e.g,. Tables 2-4), or if the presence of the 
motif corresponds to the ability to bind several allele-specific HLA antigens, a 
supermotif(see, Tables 14-16d). 

[0188] The primary anchor residues of the HLA class I peptide epitope 

supermotifs and moti& are summarized in Tables 2 and 14. The HLA class I 
motifs set out in Tables 2, 2a and 14 are particularly relevant to the invention 
claimed here. Primary and secondary anchor positions for HLA Class I are 
summarized in Table 3. Allele-specific HLA molecules that are comprised by 
the various HLA class I siq)ertypes are listed in Table 5. In some cases, 
patterns of amino acid residues are present in both a motif and a supemiotif. 
The relationship of a particular motif and any related supemiotif is indicated in 
the description of the individual motifs. 

[0189] Thus, the peptide moti& and supermotifs described below, and 

summarized in Tables 2-4 and 14, provide guidance for the identification and 
use of peptide epitopes in accordance with the invention. 

HBOLA-A't^apermotif 
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[0190] The HLA-Al supermotif is characterized by the presence in peptide Hgands 

of a small Cr or S) or hydrophobic (L. I. V. or M) primary anchor residue in position 
2, and an aromatic (Y, F, or W) primary anchor residue at the C-terminal position of 
the epitope. The corresponding family of HLA molecules that bind to the Al 
supermotif {i.e., the HLA-Al superlype) is comprised of at least A*0101. A*2601, 
A*2602, A*2501, A*2902 and A*3201 (Sette, et al. Mmmtogenetics 50:201 (1999))! 
Other aUele-specific HLA molecules predicted to be members of the Al superfamily 
are shown in Table 5, 

HLA-Al motif 

101911 The HLA-Al motif is characterized by the presence in peptide 

ligands of T, S, or M as a primary anchor residue at position 2 and the 
presence of Y as a primary anchor residue at the C-terminal position of the 
epitope. An alternative aUele-specific Al motif is characterized by a primary 
anchor residue at position 3 rather than position 2. This motif is characterized 
by the presence of D, E, A, or S as a primary anchor residue in position 3, and 
a Y as a primary anchor residue at the C-temiinal position of the epitope (see, 
e.g., DiBrino et al., J. hnmunol., 152:620, 1994; Kondo et al., Immunogenetics 
45:249, 1997; and Kubo et al., J. hmnunol. 152:3913, 1994 for reviews of 
relevant data). 

HLA-A3 supermotif 

[0192] . The HLA-A3 supermotif is characterized by the presence in peptide ligands 
of A, L, I, V, M, S, or, T as a primary anchor at position 2, and a positively charged 
residue, R or K. at the C-tenninal position of the epitope, e.g., in position 9 of 9-mers 
isee, e.g., Sidney et al.. Hum. Immunol. 45:79, 1996). Exemplary members of the 
corresponding fiunily of HLA molecules (the HLA-A3 s»q)ertype) that bind the A3 
supermotif include at least A*0301, A*1101, A*3101, A*3301, arid A*6801. Other 
anele-specific HLA molecules predicted to be members of the A3 supertype are 
shown in Table 5. 

HLA-A3 motif 
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[0193] The HLA-A3 motif is characterized by Ihe presence in peptide Ugands of L, 

.M, V, I, S, A, T, F, C, G, or D as a primaiy anchor residue at position 2, and the 
presence of K, Y, R, H. F, or A as a primaiy anchor residue at the C-tenninal position 
of the epitope (see, e.g., DiBrino et al., Proc. Natl. Acad. Sd USA 90:1508, 1993; and 
Yixhoetal., J. Immunol. 152:3913-3924, 1994). 

HLA-A24 supermotif 

10194] The HLA-A24 supermotif is characterized by the presence in peptide ligaiids 

of an aromatic (F, W. or Y) or hydrophobic aliphatic (L, I. V. M, or T) residue as a 
primaiy anchor in position 2, and Y, F, W. L. I, or M as primary anchor at the C- 
terminal position of the epitope {see, e.g., Sette and Sidney. ImmunogeneHcs, 50:201- 
212,1999). The corresponding family of HLA. molecules that bind to the A24 
supermotif (i.e., the A24 supertype) includes at least A*2402, A*3001, A*2301 and 
A*3002. Other allele-specific HLA molecules predicted to be members of the A24 
siq)ertype are diown in Table 5. 

HLA-B7 supennotif 

[0195] The HLA-B7 supennotif is characterized by peptides bearing proline 

in position 2 as a primary anchor, and a hydrophobic or aliphatic amino acid 
(L. I, V, M, A, F, W, or Y) as the primary anchor at the C-terminal position of 
the epitope. The corresponding family of HLA molecules that bind the B7 
supermotif the HLA-B7 supertype) is comprised of at least twenty six 
HLA-B proteins including: B*0702, B*0703, B*0704, B*0705, B*1508, 
B*3501, B*3502, B*3503. B*3504, B*3505, B*3506, B*3507. B*3508.' 
B*5101, B*5102, B*5103, B*5104. B*5105, B*5301, B*5401,' B*5501.* 
B*5502. B*5601. B*5602, B*6701. and B*7801 {see, e.g.. Sidney, et al.. J. 
Immunol. 154:247, 1995; Barber, et al. Curr. Biol. 5:179, 1995; Hill, et al. 
Nature 360:434, 1992; Rammensee, etal.. ImmunogeneHcs 41:178. 1995 for 
reviews of relevant data). Other aUele-specific HLA molecules predicted to be 
members of the B7 supertype are shown in Table 5. 
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HLA-B44 supermotif 

[0196] The HLA-B44 supennotif is characterized by the presence in peptide 
hgands of negatively charged (D or E) residues as a primary anchor in position 
2, and a hydrophobic residues (F. W. Y. I, M. T. L, A, or V) as the primary 
anchor of the Ctenninal position of the epitope (see. e.g., Sidney et al 
Immunol. Today 1 7:261, 1996). Exemplary members of the corresponding 
fenuly of HLA molecules that bind to the B44 supermotif (i.e.. the HLA-B44 
supertype) includes at least: B*1801, B*4001(B60), B*4002 (B61), B*4402 
B*4403. and B*4501. Other allele-spedfic HLA molecules predicted to be' 
members of the B44 supertype are shown in Table 5. 

HLA-A2 supermotif 

[0197] Primary anchor specificities for aUele-specific HLA-A2.1 molecules 

(see, e.g., Falk et al.. Nature 351:290-296 (1991); Hunt et al.. Science 
255:1261-1263 (1992); Parker et al., J. Immunol. 149:3580-3587 (1992); 
Ruppert et al.. Cell 74:929-937 (1993)) and cross-reactive binding among 
HLA-A2 and -A28 molecules have been described. (See, e.g., Fmci et al. 
Human Immunol. 38:187-192 (1993); Tamgaki et al. Human Immunol 
39:155-162 (1994); del Guercio et al., J. Immunol. 154:685-693 (1995); Kast 
et al., J. Immunol. 152:3904-3912 (1994) for reviews of relevant data.) kese 
primary anchor residues define the HLA-A2 supermotif; which when present 
m peptide Ugands corresponds to the ability to bind several different HLA-A2 
and -A28 molecules. The HLA-A2 supermotif comprises peptide Kgands with 
L, I, V, M, A, T, or Q as aprimary anchor residue at position 2 and L. I, V, M, 
A, or T as a primary anchor residue at the Ctemiinal position of the ^iiop'e. ' 
[0198] The corresponding femily of HLA molecules (i.e., the HLA.A2 
supertype that binds these peptides) is comprised of at least: A*0201 
A*0202. A*0203. A*0204. A*0205. A*0206. A*0207. A*Q209. A*Q214' 

A*6802.andA*6901. Other aUele-specific HLA molecules predicted to bi 
_^emb«B_ome_A2.51^^ 

below, binding to each of the individual allele-specific HLA molecules can be 
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modulated by substitutions at the primary anchor and/or secondary anchor 
positions, preferably choosing respective residues specified for the supermotif. 

HLA-A*0201 motif 

[0199] An HLA-A2*0201 motif was determined to be characterized by the 

presence in peptide ligands of L or M as a primary anchor residue in position 
2, and L or V as a primary anchor residue at the C-terminal position of a 9- 
residue peptide {see, e.g., Falk et al. Nature 351:290-296 (19191)) and was 
further found to comprise an I at position 2 and I or A at the C-terminal 
position of a nine amino acid peptide {see, e.g.^ Hunt et al. Science 255:1261- 
1263, March 6, 1992; Parker et al, J. Immunol 149:3580-3587 (1992)) and 
position 10 of a decamer peptide. The A'''0201 allele-spedfic motif has also 
been defined by the present inventors to additionally comprise V, A, T, or Q 
as a primary anchor residue at position 2, and M or T as a primary anchor 
residue at the C-terminal position of the epitope (see, e.g., Kast et al, J. 
Immunol 152:3904-3912, 1994). 

[0200] Thus, the HLA-A*0201 motif comprises peptide ligands with L, I, V, 
M, A, T, or Q as primary anchor residues at position 2 and L, I, V, M, A, or T 
as a primary anchor residue at the C-terminal position of the epitope. For this 
motif-supennotif relationship the preferred and less preferred/tolerated 
residues that characterize the primary anchor positions of the HLA-A*0201 
motif are identical to the residues describing the A2 supermotif. (For reviews 
of relevant data, see, e,g,, del Guercio et al, J, Immunol 154:685-693, 1995; 
Ruppert et al. Cell 74:929-937, 1993; Sidney et al, Immunol Today 17:261- 
266, 1996; Sette and Sidney, Curr. Opin, in Immunol 10:478-482, 1998). 
Secondary anchor residues that characterize the A*0201 motif have 
additionally been defined (see, e.g., Riq>pert et al. Cell 74:929-937, 1993). 
These secondary anchors are shown in Table 3. Peptide binding to HLA- 
A*0201 molecules can be modulated by substitutions at primary and/or 
secondary anchor positions, preferably choosing respective residues specified 
fop-themottf. 
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HLA-A24 motif 



10201] The HLA-A24 motif is characterized by the presence in peptide 

Ugands of Y, F. W, or M as a primary anchor residue in position 2. and F, L, I, 
or W as a primary anchor residue at the C-temiinal position of the epitope 
(see, e.g., Kondo et al, J. Mnmnol. 155:4307-4312, 1995; and Kubo et al., J. 
Immunol. 152:3913-3924, 1994). 

Motife Indicative of aass H HTL Inducing Peptide Epitopes 

[0202] The primary and secondary anchor residues of the HLA class n 

peptide epitope supermotifs and motife are' summarized in Table 4. Also see, 
U.S. Patent 5.736.142, 5,679.640 and 6.413.935; co-pending application^ 
entitled Alteration Of Immune Responses Using Pan DR Binding Peptides, 
U.S.S.N. 09/709.774. filed November 8, 2000 and 09/707,738, filed 
November 6. 2000; and PCT publication Nos. WO 95/07707 and WO 
97/26784. 



Enhancing Population Coverage of the Vaccine 
[0203] As set forth in Tables 2 through 4. there are neumerous additional 

superinotife and motife in addition to the A2 supamotif and the A2.1-allel 
specific motif that presently are a focus of the present appUcation. By 
inclusion of one or more epitopes fi»m other motife or supermotife. enhanced 
population coverage for major global ethnicities can be obtained. 

Immune Response-Stimulating Peptide Analog 

[0204] In general. CTL and HTL responses are not directed against aU 

possible epitopes. Rather, they are restricted to a few "immunodominant" 
deterininants (Zinkemagel, et al.. Adv. Immunol. 27:5159. 1979; Bemiink. et 
al, J. Exp. Med 168:19351939. 1988; Rawle.e/< J. Immunol \A6-3^1. 
._m4US91)._IUias4)een4«Gogni2ed-thatHmmunodominanerXBe^ 
al. Science 175:273-279. 1972) could be explained by either the abiUty of a 
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given epitope to selectively bind a particular HLA piotein (determinant 
selection theory) (VitieUo. et al, J. Immunol 131:1635. 1983); Rosenthal, et 
al.. Nature 267:156-158. 1977). or to be selectively recognized by the existing 
TCR (T cell recq)tor) specificities (repertoire theory) (Klein, J.. 

IMMUNOLOGY. TUB SCIENCE OF SELFNONSELF DISCRIMINATION, John WUey & 

Sons. New York, pp. 270-310. 1982). It has been demonstrated that additional 
fectors. mostly linked to processing events, can also play a key role in 
dictating, beyond strict immunogenicity, which of the many potential 
determinants will be presented as immunodominant (Sercaiz. et al., Amiu. 
Rev. Immunol. 11:729-766, 1993). 
10205] The concept of dominance and subdominance is relevant to 

immunoflierapy of both infectious diseases and malignancies. For example, in 
the course of chronic viral disease, recruitment of subdominant q>itopes cm 
be important for successful clearance of the infection, especiaUy if dominant 
CTL or HTL specificities have been inactivated by fimctional tolerance, 
suppression, mutation of viruses and other mechanisms (Franco, et al.. Curi-. 
Opin. Immunol. 7:524-531. 1995). In the case of cancer and tumor antigens! 
CTLs recogni2dng at least some of the highest binding affinity peptides mighi 
be functionally inactivated. Lower binding aflBnity peptides are preferentially 
recognized at these times, and may therefore be prefened in theiapeutic or 
prophylactic anti-cancer vaccines. 

[0206] Jiiparticular.it has been noted that a significant number of epitopes 

derived fmm known non-viral tumor associated antigais (TAA) bind HLA 
class I with intermediate afSnity (IC50 in the 50-500 nM range) rather than at 
high affinity (IC50 of less than 50 nM). 

[0207] For example, it has been found that 8 of 15 known TAA peptides 

recognized by tumor infiltrating lymphocytes (TIL) or CTL bound in the 50- 
500 nM range. (These data are in contrast with estimates that 90% of known 
viral antigens were bound by HLA class I molecules with IC50 of 50 nM or 
less, while only approximately 10% bound in the 50-500 nM range (Sette. et 
al.. J. Immunol, 153:558^5592, 1994). In thejancar setting this phenomeiion 
isT)rDly^ly-du^-ehEainafioii-orfiu{ctio^^ 
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several of the highest binding peptides, presumably because of T cell 
tolerization events. 

[0208] Without intending to be bound by theory, it is believed that because T 

cells to dominant q)itope5 may have been clonally deleted, and selecting 
subdominant epitopes may allow existing T cells to be recruited, which will 
tibien lead to a therapeutic or prophylactic response. However, the binding of 
HLA molecules to subdonunant epitopes is often less vigorous than to 
dominant ones. 

[0209] Accordingly, there is a need to be able to modulate tiie binding a£Gnity 

of particular immunogenic epitopes for one or more HLA molecules, to 
thereby modulate the immune response elicited by the peptide, for example to 
prepare analog peptides which elicit a more vigorous response. This ability to 
modulate both binding afOnity and the resulting immune response in 
accordance with the present invention greatly enhances the usefulness of 
peptide epitope-based vaccines and therapeutic agents. 

[0210] Although peptides with suitable cross-reactivity among all alleles of a 

superfamily are identified by the screening procedures described above, cross- 
reactivity is not always as complete as possible, and in certain cases 
procedures to increase cross-reactivity of peptides can be useful; moreover, 
such procedures can also be used to modify other properties of the pq)tides 
such as binding a£5nity or peptide stability. Having established the general 
rules that govern cross-reactivity of peptides for HLA alleles within a given 
motif or supermotif, modification (Le., analoging) of the structure of peptides 
of particular interest in order to achieve broader (or otherwise modified) HLA 
binding c£^acity can be performed. More specifically, peptides that exhibit 
the broadest cross-reactivity patterns, can be produced in accordance with the 
teachings herein. The present concepts related to analog generation are set 
forth in greater detail in co-pending U.S.S.N. 09/226,775 filed 6 January 1999. 

[0211] In brief, the analoging strategy utilizes the moti& or supermotifs that 

correlate with binding to certain EDLA molecules. Analog peptides can be 
created by substituting amino acid residues at primary anchor, secondary 
'fficfiofrorat^^nmafy"^ G^CTally, analogs^e* 

made for peptides that already bear a motif or supermotif. As noted herein. 
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preferred primary and secondary anchor residues of supennotifs and motifs for 
HLA class I and HLA class II binding peptides are shown in Tables 3 and 4, 
respectively. For a number of the motifs or supermotife in accordance with 
the invention, residues are defined which , are deleterious to binding to allele- 
specific HLA molecules or members of HLA siq>ertypes that bind the 
respective motif or siq)ermotif (Tables 3 and 4). Accordingly, removal of such 
residues that are detrimental to binding can be performed in accordance with 
the present invention. For example, in the case of the A3 supertype, when all 
peptides that have such deleterious residues are removed fix)m the population 
of peptides used in the analysis, the incidence of cross-reactivity increased 
.from 22% to 37% {see, e.g., Sidney, J. et al, Hu. Immunol 45:79, 1996). 

[0212] Thus, one strategy to improve the cross-reactivity of peptides within a 

given supermotif is simply to delete one or more of the deleterious residues 
present within a peptide and substitute a small "neutral" residue such as Ala 
. (that may not influence T cell recognition of the peptide). An enhanced 
likelihood of cross-reactivity is expected if, together with elimination of 
detrimental residues within a peptide, "preferred" residues associated with 
high affinity binding to an allele-specific HLA molecule or to multiple HLA 
molecules within a super&mily are inserted. 

[0213] To ensure that an analog peptide, when used as a vaccine, actually 

elicits a CTL re^onse to the native epitope in vivo (or, in the case of class n 
epitopes, elicits helper T cells that cross-react with the wild type peptides), the 
analog peptide may be used to induce T cells in vitro from individuals of the 
appropriate HLA allele. Thereafter, the immunized cells' capacity to lyse wild 
type peptide sensitized target cells is evaluated. Altematively, evaluation of 
the cells' activity can be evaluated by monitoring IFN release. Each of these 
cell monitoring strategies evaluate the recognition of the AFC by the CTL. It 
will be desimble to use as antigen presenting cells, cells that have been either 
infected, or transfected with the appropriate genes, or, (generally only for class 
n epitopes, due to the different peptide processing pathway for HLA class H), 
cells that have been pulsed with whole protein antigens, to establish whether 
endogoobusly pro'diicedna^^ T cells mduced By" 

the analog peptide. It is to be noted that peptide/protein-pulsed dendritic cells 



78 



wo 2004/052917 



PCT/US2003/038949 



can be used to present whole protein antigens for both HLA class I and 
class n. 

[0214] Another embodiment of the invention is to create analogs of weak 

binding peptides, to thereby ensure adequate numbers of cellular binders. 
Class I binding peptides exhibiting binding afiOnities of 500-5000 nM, and 
cairying an acceptable but suboptimal primary anchor residue at one or both 
positions can be "'fixed"' by substituting preferred anchor residues in 
accordance with the respective supertype. The analog peptides can then be 
tested for binding and/or cross-binding capacity. 

[0215] Another embodiment of the invention is to create analogs of peptides 

that are aheady cross-reactive binders and are vaccine candidates, but which 
bind weakly to one or more alleles of a supertype. If the cross-reactive binder 
carries a suboptimal residue (less preferred or deleterious) at a primary or 
secondary anchor position, the peptide can be analoged by substituting out a 
deleterious residue and replacing it with a preferred or less preferred one, or 
by substituting out a less preferred reside and replacing it with a preferred one. 
The analog peptide can then be tested for cross-binding capacity. 

[0216] Another embodiment for generating effective peptide analogs involves 

the substitution of residues that have an adverse impact on peptide stability or 
solubility in, e.g., a liquid environment. This substitution may occur at any 
position of the peptide epitope. For example, a cysteine (C) can be substituted 
in favor of a-amino butyric acid. Due to its chemical nature, cysteine has the 
propensity to form disulfide bridges and suf&ciently alter the peptide 
structurally so as to reduce binding capacity. Substituting a-amino butyric 
acid for C not only alleviates this problem, but actually improves binding and 
crossbinding capability in certain instances (see, e.g., the review by Sette et 
al. In: Persistent Viral Infections, Eds. R. Ahmed and 1. Chen, John Wiley & 
Sons, England, 1999). Substitution of cysteine with a-amino butyric acid may 
occur at any residue of a peptide epitope, ue. at either anchor or nonr-anchor 
positions. 

[0217] Moreover, it has been shown that in sets of A*0201 motif-bearing 

peptides containing at least one preferred secondary anchor residue while 
avoiding the presence of any deleterious secondary anchor residues, 69% of 
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the peptides wiU bind A*0201 with an IC50 less than 500 nM (Ruppert, J. et al 
Cell 74:929, 1993). The detennination of what was a preferred or deleterious 
residue in Ruppert can be used to generate algorithms. Such algorithms are 
flexible in that cut-off scores may be adjusted to select sets of peptides with 
greater or lower predicted binding properties, as desired. 
[02181 In accordance with the procedures described herein, tumor associated 

antigen peptide q)itopes and analogs thereof that were found to bind HLA-Al, 
-A2, -A3, -All, -A24. -B7 and -B44 allele-specific molecules and to 
members of the HLA-A2. -All. -B? and -B44 supertypes have been 
identified. 

[0219] Furthermore, additional amino acids can be added to the tennini of a 

peptide to provide for ease of linking peptides one to another, for coupling to a 
carrier support or larger peptide, for modifying the physical or chemical 
properties of the peptide or oUgopeptide, or the like. Amino adds such, as 
tyrosine, cysteine, lysine, glutamic or aspartic acid, or any naturally occuring 
or any non-naturally occuring amino acid residues, can be introduced at the C- 
and/or N-temiinus of the peptide or oUgopeptide, particularly class I peptides. 
It is to be noted that modification at the carboxyl tenninus of a CTL epitope 
may, in some cases, alter binding characteristics of the peptide. In addition, 
the pq)tide or oUgopqptide sequences can differ fix)m the natural sequence by 
being modified by terminal-NHa acylation, eg., by alkanoyl (C1-C20) or 
thioglycolyl acetyMon, terminal-carboxyl amidatibn, e.g... ammonia, 
methylamine, etc. In some instances these modifications may provide sites for 
hnldng to a stq>port or other molecule. 



AsstQ>s to Detect T-Cell Responses 



[0220] 



Once HLA binding peptides are identified, they can be tested for the 
ability to elicit a T-cell response. The preparation and evaluation of motif- 
bearing peptides are described, e.g., in PCT pubUcations WO 94/20127 and 
WO 94/03205. Briefly, peptides conq)rising epitopes fix>m a particular antigen 
are-synthesized.andtested-f©r-their-abihtyio-bmd-to-rel-evMfmA profeie." 
These assays may involve evaluation of peptide binding to purified HLA class 
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• I molecules in relation to the binding of a ladioiodinated refeience peptide. 
Alternatively, cells expressing onpty class I molecules {i.e. ceU surface HLA 
molecules that lack any bound peptide) may be evaluated for peptide binding 
by immunofluorescent staining and flow microfluorimetiy. Other assays that 
may be used to evaluate peptide binding include peptide^iependent class I 
assembly assays and/or the inhibition of CTL recognition by peptide 
competition. Those peptides that bind to an HLA class I molecule, typically 
with- an afBnity of 500 nM or less, are turther evaluated for their abiUty to 
serve as targets for CTLs derived fix>m infected or immunized individuals, as 
well as for their edacity to induce primary in vitro or in vivo CTL respomes 
that can give rise to CTL populations capable of reacting with selected target 
cells associated with pathology. 
[0221] Analogous assays are used for evaluation of HLA class H binding 

peptides. HLA class H motif-bearing peptides that are shown to bind, 
typically at an afBnity of 1000 nM or less, are further evaluated for the abiUty 
to stimulate HTL responses. 
[0222] Conventional assays utilized to detect T cell responses include 
proIifeiBtion assays, lymphokine secretion assays, direct cytotoxicity assays, 
and limiting dilution assays. For example, antigen-piesenting cells that havi 

been incubated with a peptide can be assayed for the ability to induce CTL 
responses in lesponder ceU populations. Antigen-presenting ceUs can be 
nonnal cells such as peripheral blood mononuclear cells or dendritic cells. 
Alternatively, mutant, non-human mammahan cell lines that have been 
tnmsfected wia a human class I MHC gene, and fliat are deficient in their 
ability to load class I molecules with intemaUy processed peptides, are used to 
evaluate flie capacity of the peptide to induce in vitro primary CTL responses. 
Peripheral blood mononuclear cells (PBMCs) can be used as the source of 
CTL precursors. Antigen presenting ceUs are incubated with peptide, after 
which the peptide-loaded antigen-presenting cells are then incubated with the 
responder cell population under optimized culture conditions! Positive CTL 
activation can be determined by assaying the cidtiire for the presence of CTI^ 
fhatly^e-radiona&eTed- tiget Te^^^ 

target cells fliat express endogenously processed antigen fiom which flie 
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specific peptide was derived. Alternatively, the presence of epitope-specific 
CTLs can be determined by IFNy in situ BUS A. 

[0223] In an embodiment of the invention, directed to diagnostics, a method 

has been devised which allows direct quantification of antigen-specific T cells 
by staining with fluorescein-labelled HLA tetrameric complexes (Altman, J. 
D. et al, Proc, Natl Acad. Set. USA 90:10330, 1993; Altman, J. D. et al. 
Science 274:94, 1996). Other options include staining for intracellular 
lymphokines, and interferon release assays or ELISPOT assays. Tetramer 
staining, intracellular lymphokine staining and ELISPOT assays all appear to 
be at least 10-fold more sensitive than more conventional assays (Lalvani, A. 
et al, J, Exp. Med, 186:859, 1997; Dunbar, P. R. et al, Curr. Biol 8:413, 
1998; Murali-Krishna, K. et al. Immunity 8:177, 1998). Additionally, 
DimerX technology can be used as a means of quantitation {see^ e.g.. Science 
274:94-99 (1996) and Proc. Natl Acad. Sd. 95:7568-73 (1998)). 

[0224] HTL activation may also be assessed using techniques known to those 

in the art, such as T cell proliferation or lymphokine secretion (see^ e.g. 
Aloxmdoretal, Immunity 1:751-761, 1994). 

[0225] Altematively, immunization of HLA transgenic mice can be used to 

determine immunogenicity of peptide epitopes. Several transgenic mouse 
strains, eg., mice with human A2.1, All (which can additionally be used to 
analyze HLA-A3 epitopes), and B7 alleles have been characterized. Other 
transgenic mice strains (eg., transgenic mice for HLA-Al and A24) are being 
developed. Moreover, HLA-DRl and HLA-DR3 mouse models have been 
developed. In accordance with principles in the art, additional transgenic 
mouse models with other HLA alleles are generated as necessary. 

[0226] Such mice can be immunized witti peptides emulsified in Incomplete 

Freund's Adjuvant; thereafter any resulting T cells can be tested for their 
capacity to recognize target cells fliat have been peptide-pulsed or transfected 
with genes encoding the peptide of interest. CTL responses can be analyzed 
using cytotoxicity assays described above. Similarly, HTL responses can be 
analyzed using, e,g., T cell proliferation or lymphokine secretion assays. 
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Enhancing Population Coverage of tlie Vaccine 

(0227] As set forth in Tables 2 through 4, there are numerous additional 
supennotife and niotife in addition to the A3, B7 and B44 supennotifs and 
motife and Al, A2, A24 and B44 motifs that presently are a focus of the 
present application. By inclusion of one or more qjitopes &om other motife or 
siq)ermotife, enhanced population coverage for major global ethnicities can be 
obtained. (See Tables 11, 13a, 13b, and 32). 

Minigenes 

[0228] A number of different sqjproaches are availablei which allow 

simultaneous delivery of multiple epitopes. Nucleic acids encoding multiple 
epitopes are a useful embodiment of the invention; diswete peptide epitopes or 
polyepitopic peptides can be encoded. The epitopes to be included in a 
minigene are preferably selected according to the guidelines set forth in the 
previous section. Examples of amino acid sequences that can be included in a 
minigene include: HLA class I epitopes, HLA class H epitopes, a 
ubiquitination signal sequence, and/or a targeting sequence such as an 
endoplasmic reticulum (ER) signal sequence to facilitate movement of the 
resulting peptide into the endoplasmic reticulum, 

[0229] The use of multi-epitope minigenes is also described in, e.g., co- 

pending appUcations U.S.S.N. 09/311,784, 09/894,018, 60/419,973, 
60/415,463; Ishioka et al., J. Immunol. 162:3915-3925, 1999; An, L. and 
Whitton, J. L., J. Virol. 71:2292, 1997; Thomson, S. A. et al., J. Immunol. 
157:822. 1996; Whitton, J. L. et al., J. Virol. 67:348, 1993; Hanke, R. et al.. 
Vaccine 16:426, 1998. For example, a multi-epitope DNA plasmid encoding 
nine dominant HLA-A*0201- and All-restricted CTL epitopes derived fiom 
the polymerase, envelope, and core proteins of HBV and human 
immunodeficiency virus (HIV), a PADRE® universal helper T ceD (HTL) 
_^^P^. Mdm endoplagmicrgticirium-tran^^ sequence.has.t>een— 
engineered. Immunization of HLA transgenic mice with this plasmid 
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construct resulted in strong CTL induction responses against the nine CTL 
epitopes tested. This CTL response was similar to that observed with a 
lipopeptide of known immunogenicily in humans, and significantly greater 
than immunization using peptides in oil-based adjuvants. Moreover, the 
immunogenicity of DNA-encoded epitopes in vitro was also correlated witti 
the in vitro responses of specific CTL lines against target cells transfected with 
the DNA plasmid. These data show ttiat the minigene served: 1 .) to generate a 
CTL response and 2.) to generate CTLs that recognized cells expressing the 
encoded epitopes. A similar approach can be used to develop minigenes 
encoding TAA epitopes. 
[0230] For example, to create a DNA sequence encoding the selected epitopes 

(minigene) for expression in human cells, the amino acid sequences of the 
epitopes may be reverse translated. A human codon usage table can be used to 
guide the codon choice for each amino acid. These iepitope-encoding DNA 
sequences may be directly adjoined, so that when translated, a contiauous 
peptide sequence is created. However, to optimize expression and/or 
immunogenicity, additional elements can be incorporated mto the minigene 
design such as spacer amino acid residues between epitopes. HLA 
presentation of CTL and HTL epitopes may be improved by including 
synthetic (eg. poly-alanine) or naturally-occurring flanking sequences 
adjacent to the CTL or HTL epitopes; these larger peptides comprising the 
epitope(s) are within the scope of the invention. Jn one embodiment, spacer 
amino acid residues between one or more CTL and/or HTL epitopes are 
designed so as to minimize junctional epitopes that may result &om the 
juxt^osition of 2 CTL and/or HTL epitopes. 
[0231] The minigene sequence may be converted to DNA by assembling 

oligonucleotides that encode the plus and minus strands of the minigene. 
Overlapping oHgonucleotides (30-100 bases long) may be synthesized, 
phosphorylated, purified and annealed under.appropriate conditions using well 
known techniques. The ends of the oligonucleotides can be joined, for 
example, using T4 DNA ligase. This synthetic minigene, encoding the epitope 
"pepfide,'can 8ien Feclbned into a desiredesq^ession vector. 
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[0232] Standard regulatory sequences well kaown to fliose of skill in the art 

are preferably included in the vector to ensure expression in the target cells. 
Several vector elements are desirable: a promotra- with a downstream cloning 
site for minigene insertion; a polyadenylation signal for. efBcient transcription 
termination; an E. coli origin of replication; and an E. coli selectable marker 
(e.g. ampicillin or kanamycin resistance). Numerous promoters can be used 
for this purpose, e.g., the human cytomegalovirus (hCMV) CMV-IE promoter. 
See. e.g., U.S. Patent Nos. 5,580,859 and 5,589,466 for other suitable 
promoter sequences. 

10233] Optimized peptide expression and immunogenicity can be achieved by 

certain modifications to a . minigene construct. For example, in some cases 
introns faciUtate efBcient gene expression, flius one or more synthetic or 
naturally-occurring introns can be incorporated mto the transcribed region of 
the minigene. The inclusion of mKNA stabilization sequences and sequences 
for replication in mammalian cells inay also be considered for increasing 
. minigene expression. 

[02341 Once an expression vector is selected, the minigene is cloned into the 
polylinker region downstream of the promoter. This plasmid is transfonned 
into an qipropriate bacterial strain, and DNA is prepared using standard 
techniques. The orientation and DNA sequaice of the minigene, as well as all 
other elements included in the vector, are confirmed using restriction mappmg, 
PGR and/or DNA sequence analysis. Bacterial cells harboring the correct 
plasmid can be stored as ceU banks. 

[0235] In addition, immunostimulatory sequences (ISSs or CpGs) appear to 

play a role in flie immunogenidty of DNA vaccines. These sequences may be 
inchided in the vector, outside the minigene coding sequence to enhance 
immunogenicity. 

[0236] In some embodiments, a bi-cistronic expression vector which allows 

production of both the minigene-encoded epitopes and a second protein {e.g., 
one that modulates immunogenicity) can be used. Examples of proteins or 
polypeptides that, if co-expressed with epitopes, can enhance an immune 
reqjonse include cytokines {e.g.. EL-'i, IL-12, GM-CSF), cytokine-inducing 
molecules {e.g.. LeIF), costimulatory molecules, or pan-DR binding proteins 
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(PADRE®, Epimmune, San Diego, CA). Helper T ceU (HTL) epitopes such as 
PADRE® molecules can be joined to intracellular targeting signals and 
expressed separately from expressed CTL epitopes. This can be done in ordCT 
to direct HTL epitopes to a cell conq)artment different flian that of the CTL 
epitopes, one that provides for more efficient entry of HTL epitope into the 
HLA class II pathway, thereby improving HTL induction. In contrast to HTL 
or CTL induction, specifically decreasing the immune response by co- 
expression of immunosuppressive molecules (e.g. TGF-p) may be beneficial 
in certain diseases. 

[0237] Therapeutic quantities of plasmid DNA can be produced for example, 

by fermentation in E, coli, followed by purification. Aliquots from the 
working cell bank are used to inoculate growth medium, and are grown to 
saturation in shaker flasks or a bioreactor according to well known techniques. 
Plasmid DNA is purified using standard bioseparation technologies such as 
solid phase anion-exchange resins available, e.g., from QIAGEN,- Inc. 
(V alencia, California). If required, supercoiled DNA can be isolated from the 
open circular and Unear forms using gel electrophoresis or other methods. 

[0238] Purified plasmid DNA can be prepared for injection using a variety of 

formulations. The smq)lest of these is reconstitution of lyophilized DNA in 
sterile phosphate-buffer saline (PBS). This approach, known as "naked 
DNA," is currently being used for intramuscular (IM) administration in 
clinical trials. To maximize the immunotherapeutic effects of mmigene 
vaccines, alternative methods of formulating purified plasmid DNA may be 
used. A variety of such methods have been described, and new techniques 
may become available. Cationic lipids, glycolipids, and fiisogenic hposomes 
can also be used in the formulation (see, e.g, WO 93/24640; Mannino & 
Gould-Fogerite, BioTechniques 6(7): 682 (1988); U.S. Patent No. 5,279,833; 
WO 91/06309; andFelgner, etal, Proc. Nat'lAcad Sci. USA 84:7413 (1987). 
In addition, peptides and compounds referred to collectively as protective, 
interactive, non-condensing compounds (PINC) can also be complexed to 
purified plasmid DNA to influence variables such as stabiUty, intramuscular 
dispersion, or trafficking to specific organs or cell types. ^ 
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[0239] Known methods in the art can be used to enhance delivery and uptake 

of a polynucleotide in vivo. For exan^le, the polynucleotide can be 
con^lexed to polyvinylpyrolidone (PVP), to prolong the localized 
bioavailability of the polynucleotide, thereby enhancing uptake of the 
polynucleotide by the organisum (see e.g., U.S. Patent No. 6,040^95; EP 0 
465 529; WO 98/17814). PVP is a polyamide that is known to form 
complexes with a wide variety of substances, and is chemically and 
physiologically inert. 

[0240] Target cell sensitization can be used as a functioxial assay of the 

expression and HLA class I presentation of minigene-encoded epitopes. For 
example, the plasmid DNA is introduced into a mammalian cell line that is a 
suitable target for standard CTL chromium release assays. The transfection 
method used will be dependent on the final formulation, electroporation can be 
' Used for "naked" DNA, whereas cationic lipids or DNA:PVP compositions 
allow direct in vitro transfection. A plasmid expressing green fluorescent 
protein (GFP) can be co-transfected to allow enrichment , of transfected cells 
using fluorescence activated cell sorting (FACS). The transfected cells are 
then chromium-51 (^^Cr) labeled and used as targets for epitope-specific 
CTLs. Cytolysis of the target cells, detected by ^^Cr release, indicates both the 
production and HLA presentation of, minigene-encoded CTL epitopes. 
Expression of HTL epitopes may be evaluated in an analogous manner using 
assays to assess HTL activity. 

[0241] , In vivo immunogenicity is a second ^roach for functional testing of 
minigene DNA formulations. Transgenic mice caressing Expropriate human 
HLA proteins are immunized with the DNA product. The dose and route of 
administration are formulation dependeht {e.g., TM for DNA in PBS, 
intraperitoneal (IP) for lipid-complexed DNA). Eleven to twenty-one days 
after immunization, splenocytes are harvested and restimulated for one week 
in the presence of peptides encoding each epitope being tested. Thereafter, for 
CTLs, standard assays are conducted to determine if there is cytolysis of 
peptide-loaded, ^^Cr-labeled target cells. Once again, lysis of target cells that 
' ■wCTe'~''e5qpcrs^~f6" '^ifopes corresponding^'to" Those "in" " the 'miiii^5er~ 
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demonstrates DNA vaccine function and induction of CTLs. Immimogenicity 
of HTL epitopes is evaluated in transgenic mice in an analogous manner. 
[0242] Alternatively, the nucleic acids can be administered using ballistic 

delivery as described, for instance, in U.S. Patent No. 5,204,253. Using this 
technique, particles comprised solely of DNA are adnunistered. In a furOier 
alternative embodiment for ballistic delivery, DNA can be adhered to 
particles, such as gold particles. 

Vaccine Compositions 

[0243] Vaccines that contain an immunologically effective amount of one or more 

peptides or polynucleotides of the invention are a further embodiment of the 
invention. The peptides can be delivered by various means or formulations, all 
collectively referred to as 'Vaccine'* compositions. Such vaccine compositions, 
and/or modes of administration, can include, for example, naked DNA, DNA 
formulated with PVP, DNA in cationic lipid formulations; lipbpeptides (eg.,Vitiello, 
•A. et aL, J, Clin, Invest. 95:341, 1995), DNA or peptides, encapsulated eg:, in 
poly(DL-Iactide-co-glycolide), ('TLG'*) microspheres {see^ e,g,, Eldridge, et aL^ 
Molec. Immunol 28:287-294, 1991: Alonso et al. Vaccine 12:299-306, 1994; Jones 
et aly Vaccine 13:675-681, 1995); peptide compositions contained in immune 
stimulating complexes (ISCOMS) (jee, e.g., Takahashi et aL, Nature 344:873-875, 
1990; Hu et al, Clin Exp Immunol 113:235-243, 1998); multiple antigen peptide 
systems (MAPs) {see e.g.. Tarn, J. P., Proc. Nail Acad, Set U,SA, 85:5409-5413, 
1988; Tarn, J.P., J, Immunol Methods 196:17-32, 1996); viral, bacterial, or, fungal 
delivery vectors (Perkus, M. E. et al, In: Concepts in vaccine development, 
Kaufinann, S. H. E., ed, p. 379, 1996; Chakrabarti, S. et al. Nature 320:535, 1986; 
Hu, S. L. et al. Nature 320:537, 1986; Kieny, M.-P. et al, AIDS Bio/Technology 
4:790, 1986; Top, F. H. et al, J, Infect, Dis. 124:148, 1971; Chanda, P. K. et al. 
Virology 175:535, 1990); particles of viral or synthetic origin (e.g., Kofler, N. et al, 
J. Immunol Methods, 192:25, 1996; Eldridge, J. H. et al, Sem, Hematol 30:16, 1993; 
Falo, L. D., Jr. et al. Nature Med, 7:649, 1995); adjuvants {e.g,, incomplete fieund's 
adyjuvant) (Warren, H. S., Vogel, F. R., and Chedid, L. A Annu, Rev. Immunol 
4:369, 1986; Gupta, R. K. et al.. Vaccine 11:293, 1993); liposomes QEleddy, R. et al,, 
-J^Immunoh- l4Bii5i5y i992; 'Roc]s;"fir 'h—^ 1-7:1347 199Qrorr- 

particle-absorbed DNA (Uhner, J. B, et al. Science 259:1745, 1993; Robinson, H. L., 
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Hunt, L. A., and Webster, R. G., Vaccine 11:957, 1993; Shiver, J. W. et al., Jn: 
Concepts in vaccine development, Kaufinann, S. H. E., ed., p. 423, 1996; Cease, K. 
B., and Berzofsky, J. A., Amu. Rev, Immunol 12:923, 1994 and Eldridge, J. H. et 
al, Sem. Hematol 30:16, 1993), etc. Toxin-targeted delivery technologies, also 
known as receptor mediated targeting, such as those of Avant Immunotherapeutics, 
Inc. (Needham, Massachusetts) or attached to a stress protein, e.g., HSP 96 (Stressgen 
Biotechnologies Corp., Victoria, BC, Canada) can also be used. 

[0244] Vaccines of the invention comprise nucleic acid mediated modalities, 

DNA or RNA encoding one or more of the peptides of the invention can be 
administered to a patient. This approach is described, for instance, in Wolflf 
et al., Science 247:1465 (1990) as well as U.S. Patent Nos. 5,580,859; 
5,589,466; 5,804,566; 5,739,118; 5,736,524; 5,679,647; and, WO 98/04720. 
Exan^les of DNA-based delivery technologies include "naked DNA", 
faciKtated (bi^ivicaine, polymers PVP), peptide-mediated) delivery, 
cationic lipid complexes, and particle-mediated ("gene gun") or pressure- 
mediated delivery {see, U.S. Patent No. 5,922,687). Accordingly, peptide 
vaccines of the invention can be expressed by viral or bacterial vectors. 
Examples of e}q)ression vectors include attenuated viral hosts, such as 
vaccinia or fowlpox. For example, vaccinia virus is used as a vector to express 
nucleotide sequences that encode the peptides of the invention (e.g., MVA). 
Upon introduction into an acutely or chronically infected host or into a non- 
infected host, the recombinant vaccinia virus expresses the immunogenic 
peptide, and thereby elicits an immune response. Vaccinia vectors and 
methods useful in immunization protocols are described in, e,g., U.S. Patent 
No. 4,722,848. Another vector is BCG (Bacille Calmette Guerin). BCG 
vectors are described in Stover et al. Nature 351:456-460 (1991). A wide 
variety of other vectors useful for therapeutic administration or immunization 
of the peptides of the invention, eg. adeno and adeno-associated virus vectors, 
alpha virus vectors, retroviral vectors. Salmonella typhi vectors, detoxified 
anthrax toxin vectors, and the like, are ^parent to those skilled in the art jBx)m 
the description hereiit 

[0245] Furth ermore, vacdnes in acc ordance with the inven tion c an comprise 

one or more peptides of the invention. Accordingly, a peptide can be present 
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in a vaccine individually; alternatively, the peptide can exist as a 
homopolymer comprising multiple copies of the same peptide, or as a 
'' heteropolymer of various peptides. Polymers have tiie advantage of increased 
probability for immunological reaction and, where dififerent peptide epitopes 
are used to make up the polymer, the ability to induce antibodies and/or T 
cells that react with different antigenic determinants of the antigen targeted for 
an immune response. The composition may be a naturally occurring region of 
an antigen or can be prepared, e.g,, recombinantiy or by chemical synthesis. 

[0246] Carriers that can be used with vaccines of the invention are well known 

in the art, and include, e,g,, thyroglobulin, albumins such as human serum 
albumin, tetanus toxoid, polyamino acids such as poly L-lysine, poly L- 
glutamic acid, influenza virus proteins, hepatitis B virus core protein, and the 
like. The vaccines can contain a physiologically tolerable diluent such as 
water, or a saline solution, preferably phosphate buffered saline. Generally, 
the vaccines also include an adjuvant Adjuvants such as incomplete Freund's 
adjuvant, aluminum phosphate, aluminum hydroxide, or alum are examples of 
materials well known in the art. Additionally, as disclosed herein, CTL 
responses can be primed by conjugating peptides of the invention to lipids, 
such as tripalmitoyl-S-glyceryl-cysteinyl-seryl-serine (P3CSS). 

[0247] Upon immunization with a peptide composition in accordance with the 

invention, via injection (e.g., SC, ID, IM), aerosol, oral, transdennal, 
transmucosal, intrapleural, intratiiecal, or other suitable routes, the immune 
system of the host responds to tiie vaccine by producing antibodies, CTLs 
and/or HTLs specific for the desired antigen. Consequentiy, the host becomes 
at least partially inmiune to subsequent closure to the TAA, or at least 
partially resistant to further development of TAA-bearing cells and tiiereby 
derives a prophylactic or then^eutic benefit. 

[0248] In certain embodiments, components that induce T cell responses are 

combined with components that induce antibody responses to the target 
antigen of interest. A preferred embodiment of such a composition comprises 
class I and class n epitopes in accordance with the inventioxL Alternatively, a 
ncoinpositibricompri^^^ 
invention, along with a PADRE® molecule (Epinmiune, San Diego, CA). 
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(02491 Vaccines of flie invention can conqdse antigen presenting cells, such 
as dendritic cells, as a vehicle to present pq)tides of the inventioiL For 
example, dendritic cells are transfected, e.g., wifli a minigene construct in 
accordance with the invention, in order to ehcit immune responses. Minigenes 
are discussed in greater detail in a following section. Vaccine compositions 
can be created in vitro, following dendritic cell mobilization and harvesting, 
whereby loading of dendritic cells occurs in vitro. 

[02501 The vaccine compositions of the invention may also be used in 

combmation with antiviral drags such as interferon-a, or immune adjuvants 
such as IL-12, GM-CSF, etc. 

[02511 Preferably, the following principles are utiUzed when selecting 

epitope(s) and/or analogs for mclusion m a vaccme, either peptide-based or 
nucleic acid-based formulations. Exemplary epitopes and analogs that may be 
utilized in a vaccme to treat or prevait TAA-associated disease are set out in 
Table 6. Each of die following princ^les can be balanced m order to make the 
selection. Wbm multiple epitopes are to be used in a vaccine, die epitopes 
may be, but need not be, contigjious m sequence in the native antigen from 
which the epitopes are derived. Such multq)le epitotes can refer to the order 
of epitopes within a p^tide, or to the selection of q)itopes that come from the 
same reagion, for use in eiflier individual pq)tides or in a multi-epitopic 
peptide. 

1. ) ^itopes and/or analogs are selected which, upon 
administration, mimic nnmune responses that have been observed to be 
correlated with prevention or clearance of TAA-expressing tumors. For HLA 
Class I, this generally includes 3-4 epitopes and/or analogs from at least one 
TAA. 

2. ) Epitopes and/or analogs are selected that have the requisite 
binding afiSnity estabhshed to be correlated with immunogenicity: for HLA 
Class I an IC50 of 500 nM or less, or for Class U an IC50 of 1000 nM or less. 
For HLA Class I it is presently preferred to select a peptide having an IC50 of 
200nM or Jms, as this is^believed to better condate not only to induction of 
an immune response, but to in vitro tumor cell killing as well. For HLA Al 
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and A24, it is especially preferred to select a peptide having an IC50 of 100 nM 
or less. 

3. ) Supennotif bearing-epitopes and/or analogs, or a sufficient 
array of allele-specific motif-bearing epitopes and/or analogs, are selected to 
give broad population coverage. In general, it is preferable to have at least 
80% population coverage. A Monte Carlo analysis, a statistical evaluation 
known in tibe art, can be employed to assess the breadth of population 
coverage. 

4. ) For cancer-related antigens, it can be preferable to select 
analogs instead of or in addition to epitopes, because the patient may have 
developed tolerance to the native epitope. 

5. ) Of particular relevance are "nested epitopes." Nested epitopes 
occur where at least two epitopes overlap in a given peptide sequence. For 
example, a nested epitope can be a fragment of an antigen from a region that 
contains multiple epitopes that are overleapping, or one epitope that is 
completely encompassed by another, e.g-., A2 peptides MAGES. 159 and 
MAGES. 160 are nested. A peptide comprising "transcendent nested epitopes" 
is a peptide that has both HLA class I and HLA class n epitopes in it When 
providing nested epitopes, it is preferable to provide a sequence that has the 
greatest number of epitopes per provided sequence. Preferably, one avoids 
providing a peptide that is any longer than the amino terminus of the amino 
terminal epitope and the carboxyl terminus of the carboxyl tenninal epitope in 
the peptide. When providing a sequence comprising nested epitopes, it is 
important to evaluate the sequence in order to insure that it does not have 
pathological or other deleterious biological properties; this is particularly 
relevant for vaccines directed to infectious organisms. 

6. ) If a protein with multiple epitopes or a polynucleotide (e.g., 
minigene) is created, an objective is to generate the smallest peptide that 
encompasses the epitopes of interest. This principle is similar, if not the same 
as that employed whm selecting a peptide comprising nested epitopes. 
However, with an artificial peptide comprising mxiltipe epitopes, the size 
rmnnfflzati'6n"oE^ agaihsfthe needTcTiiiteg^ate any~sp'acer 
sequences between epitopes in the polyepitopic protein. Spacer amino acid 
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residues can be introduced to avoid junctional epitopes (an ^tope recognized 
by the immnne system, not present in the target antigen, and only created by 
the man-made juxtaposition of epitopes), or to fecilitate cleavage between 
epitopes and thereby enhance q)itope presentation. Junctional epitopes are 
generally to be avoided because the recipient may generate an immune 
response to that non-native epitope. Of particular concern is a junctional 
epitope that is a "dominant epitope." A dominant epitope may lead to such a 
zealous response that unmune responses to other epitopes are diminished or 
suppressed. 

[0252] The principles are the same, except junctional epitopes applies to the 

sequaices surrounding the epitope. One must also take care with other 
sequences m construct to avoid immune response. 

T CELL PRIMING MATERIALS 

[0253J In some embodiments it may be desirable to include in the phamuceutical 

compositions of flie invention at least one component which primes cytotoxic T 
•lymphocytes. Lipids have been identified as agents capable of facilitating the 
! priming to WfroCTL response against viral antigens. For example, palmitic acid 
residues can be attached to the s-and a- amino groups of a lysine residue and then 
linked to an immunogenic peptide. One or more linking moieties can be used such as 
Gly, Gly-Gly-, Ser, Ser-Ser, or the Kke. Tbe Upidated peptide can then be 
administered direcfly in a micefle or particle, incorporated into a Uposome. or 
emulsified in an adjuvant, e.g.. incomplete Reund's adjuvant. A pref«red 
inmmnogenic composition comprises pahnitic acid attached to e- and a- amino 
groups of Lys via a linkmg moiety, e.g.. Ser-Ser, added to the amino terminus of an 
inununogenic peptide. 

[0254] In another embodiment of Hpid-fedhtated priming of CTL responses, 

R coli Upoprotems. such as tripahnitoyl-S-glyceryl-cysteinyl-seryl-serine 
(PaCSS) can be used to prime CTL when covalently attached to an appropriate 
peptide. {See,e.g.,Ttct^:etal..Nature3A2.S6l,m9). Thus, peptides of the 
invention can be coiqjled to P3CSS, and the lipopeptide administered to an 
"individual to -^ificanyTriiii"rCTr r"i^^ tolhe" taig^i"^^^^ 
Moreover, because the mduction of neutralizing antibodies can also be primed 
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wifli PaCSS-conjugated epitopes, two such compositions can be combined to 
elicit botii humoral and cell-mediated responses. 

DENDRITIC CELLS PULSED WITH CTL AND/OR HTL PEPTIDES 

[0255] An embodiment of a vaccine composition in accordance with the invention 

comprises ex vivo administration of a cocktail of epitope-bearing peptides to PBMC, 
or isolated DC therefix)m, &om the patient's blood. A pharaiaceutical to fecilitate 
harvesting of DC can be used, such as Progenipoietin™ (Monsanto, St Louis, MO) or 
GM-CSF/IL-4. After pulsing the DC with peptides and prior to reinfusion into 
patients, the DC are washed to remove unbound peptides. Jn this embodiment, a 
vaccine comprises peptide-pulsed DCs which present the pulsed peptide epitopes in 
HLA molecules on their surfaces. 

[0256] The DC can be pulsed ex vivo with a cocktail of peptides, some of 

which stimulate CTL responses to one or more antigens of mterest, e.g., tumor 
associated antigens (TAA) such as HER2/neu, p53, MAGE 2, MAGES, and/or 
caicinoembryonic antigen (CEA). Collectively, these TAA are associated 
with breast, colon and lung cancers. Optionally, a hotper T cell (HTL) peptide 
such as PADKE®, can be included to facilitate the CTL response. Thus, a 
vaccme in accordance with the invention comprising epitopes fiom HER2/neu, 
p53, MAGE 2, MAGE3, and carcmoembryonic antigen (CEA) is used to treat 
minimal or residual disease in patients with malignancies such as breast, 
colon, lung or ovarian cancer, any malignancies that bear any of these TAAs 
can also be treated with the vaccine. A TAA vaccine can be used following 
debulldng procedures such as surgery, radiation therapy or chemotherapy, 
whereupon the vaccine provides the benefit of increasing disease fi-ee survival 
and overall survival in the recipients. 
[0257] Thus, in preferred embodiments, a vaccine of the invention is a product 

that treats a majority of patients across a number of dififerent tumor types. A 
vaccine comprising a plurality of epitopes, preferably supermotif-bearimg 
epitopes, offers such an advantage. 
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DIAGNOSTIC AND PROGNOSTIC USES 

[0258] In one embodiment of fhe invention, HLA class I and class U binding 

peptides can be used as reagents to evaluate an immune response. Preferably, llie 
following principles are utilized when selecting an epitope(s) and/or analog(s) for 
diagnostic, prognostic and similar uses. Potential principles include having the 
binding afBnities described earlier, and/or matching the HLA-moti£^supennotif of a 
. peptide with the HLA-type of a patient 

[0259] The evaluated immune response can be induced by any immunogen. 

For example, the immunogen may result in the production of antigen-specific 
CTLs or HTLs that recognize the pq)tide epitope(s) employed as the reagent. 
Thus, a peptide of the invention may or may not be used as the immunogen. 
Assay systems that can be used for such analyses include tetramer-based 
protocols (e.g., DimerX technology {see, e.g.. Science 274:94-99 (1996) and 
Proc. Natl. Acad, ScL 95:7568-73 (1998)), staining for intracellular 
lymphokines, interferon release assays, or ELISPOT assays. 

[0260] For example, following exposure to a putative immunogen, a peptide 

of the invention can be used in a tetramer staining assay to assess peripheral 
blood mononuclear cells for the presence of any antigen-specific CTLs. The 
HLA-tetrameric complex is used to directly visualize antigen-specific CTLs 
and thereby determine the fi-equency of such antigen-specific CTLs in a 
sample of peripheral blood mononuclear cells {see, e,g., Ogg et aL, Science 
279:2103-2106, 1998; and AltmaneM/., Science 174:94-96, 1996). 

[0261] A tetramer reagent comprising a peptide of fhe invention is generated 

as follows: A peptide that binds to an HLA molecule is refolded in the 
presence of the corresponding HLA heavy chain and P2-nucroglobulin to 
generate a trimolecular complex. The complex is biotinylated at the carboxyl 
tentninal end of the HLA heavy chain, at a site that was previously engmeered 
into the protein. Tetramer formation is then induced by adding streptavidin. 
When fluorescently labeled streptavidin is used, the tetrameric complex is 
used to stain antigen-specific cells. The labeled cells are then readily 
Jdentified,.eLg.JbyJElo3!ogdometry.>Such.piO£^^ a£ejused£>rdiagnoj5tlcjQr. 
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prognostic purposes; the cells identified by the procedure can be used for 
therapeutic purposes. 

[0262] Peptides of the invention are also used as reagents to evaluate immune 

recall responses, {see, e.g., Bertoni et al, J. dim Invest 100:503-513, 1997 
and Penna et al, J. Exp. Med. 174:1565-1570, 1991.) For example, a PBMC 
sample fit)m an individual e3q)ressing a disease-associated antigen (e.g. a 
tumor-associated antigen such as CEA, p53, MAGE2/3,HER2neu, or an 
organism associated with neoplasia such as HPV or HSV) can be analyzed for 
the presence of antigen-specific CTLs or HTLs using specific peptides. A 
blood sanq)le containmg mononuclear cells may be evaluated by cultivating 
the PBMCs and stimulating the cells with a peptide of the invention. After an 
appropriate cultivation period, the expanded cell population may be analyzed, 
for example, for CTL or for HTL activity. 

[0263] Thus, the peptides can be used to evaluate the efScacy of a vaccine. 

PBMCs obtained from a patient vaccinated with an immunogen may be 
analyzed by methods such as those described herein. The patient is HLA 
typed, and peptide epitopes that are bound by the HLA molecule(s) present in 
that patient are selected for analysis. The immunogenicity of the vaccine is 
indicated by tiie presence of CTLs and/or HTLs directed to epitopes present in 
the vaccine. 

[0264] The peptides of the invention may also be used to make antibodies, 

using techniques well known in the art (see, e.g. Current Protocols m 
Immunology, Wiley/Greene, NY; and Antibodies A Laboratory Manual 
Harlow, Harlow and Lane, Cold Spring Harbor Laboratory Press, 1989). Such 
antibodies are useful as reagents to determine the presence of disease- 
associated antigens. Antibodies in this category include those that recognize a 
peptide when bound by an HLA molecule, antibodies that bind to a 
peptide-MHC complex. 
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ADMESISTRAHON FOR THERAPEUTIC OR PROPHYLACTIC 
PURPOSES 

[0265] The peptides and polynucleotides of the present invention, including 

.con:q}ositions thereof are useful for administration to mammals, particularly humans, 
to treat and/or prevent disease. In one embodiment, peptides, polynucleotides, or 
vaccine compositions (peptide or nucleic acid) of the invention are administered to a 
patient who has a malignancy associated with expression of one or more TAAs, or to 
an individual susceptible to, or otherwise at risk for developing TAA-related disease. 
Upon administration an immune response is elicited against the TAAs, thereby 
enhancing the patient's own immxme response capabilities. In therapeutic 
applications, peptide and/or nucleic acid compositions are administered to a patient in 
• an amount sufficient to elicit an effective immune response to the TAA-expressing 
cells and to thereby cure, arrest or slow symptoms and/or complications. An amount 
adequate to accomplish this is defined as "therapeutically effective dose." Amounts 
effective for this use will depend on, e.g„ the particular composition administered, the 
maimer of administration, the stage and severity of the disease being treated, the 
weight and general state of health of flie patient, and the judgment of the prescribing 
physician. 

[0266] The vaccine compositions of the invention can be used piurely as 

prophylactic agents. Generally the dosage for an initial prophylactic 
immunization generally occurs in a unit dosage range where the lower value is 
about 1, 5, 50, 500, or 1000 fig of peptide and the higher value is about 
10,000; 20,000; 30,000; or 50,000 \ig of peptide. Dosage values for a human 
typically range from about 500 ]ig to about 50,000 \ig of peptide per 70 
kilogram patient. This is followed by boosting dosages of between about 1.0 
\ig to about 50,000 \ig of peptide, administered at defined intervals from about 
four weeks to six months after the initial administration of vaccine. The 
hmnunogenicity of the vaccine may be assessed by measuring the specific 
activity of CTL and HTL obtauied fix)m a sample of the patient's blood. 

[0267] As noted above, peptides comprising CTL and/or HTL epitopes of the 

invention induce immune responses when presented by HLA molecules and 

jcont3<ited-Jri1h^ A.JCI^^ Sot. .an^epitDpe-.conq)rised.J>y ^the 

peptide. The manner in which the peptide is contacted with the CTL or HTL 
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is not critical to liie invention. For instance, the peptide can be contacted with 
the CTL or HTL either in vitro or in vivo. If the contacting occurs in vivo, 
peptide can be administered directly, or in other forms/vehicles, e.g., DNA 
vectors encoding one or more peptides, viral vectors encoding the peptide(s), 
liposomes, antigen presenting cells such as dendritic cells, and the like. 

[0268J Accordingly, for pharmaceutical compositions of the invention in the 

' form of peptides or polypeptides, the peptides or polypeptides can be 

administered directly. Alternatively, the peptide/polypeptides can be 
administered indirectly presented on APCs, or as DNA encoding them. 
Furthermore, the peptides or DNA encoding them can be administered 
individually or as fusions of one or more peptide sequences. 

[0269] For therapeutic use, administration should generally begin at the first 

diagnosis of TAA-reiated disease. This is followed by boosting doses at least 
' until symptoms are substantially abated and for a period thereafter. In chronic 
disease states, loading doses followed by boosting doses may be required. 

[0270] The dosage for an initial therapeutic immunization generally occurs in 

a unit dosage range where the lower value is about 1, 5, 50, 500, or 1,000 \ig 
of peptide and the higher valuie is about 10,000; 20,000; 30,000; or 50,000 ixg 
of peptide. Dosage values for a human typically range firom about 500 |ig to 
about 50,000 ng of peptide per 70 kilogram patient Boosting dosages of 
between about 1.0 fig to about 50,000 ng of peptide, administered pursuant to 
a boosting regimen over weeks to months, can be administered depending 
upon tiie patient's response and condition. Patient response can be determined 
by measuring the specific activity of CTL and HTL obtained fi-om the 
patient's blood. 

[0271] In certain embodiments, peptides and compositions of the present 

invention are used in serious disease states. In such cases, as a result of the 
minimal amounts of extraneous substances and the relative nontoxic nature of 
the peptides, it is possible and may be desirable to administer substantial 
excesses of these peptide compositions relative to these stated dosage 
amounts. 

[02721 For treatment of chronic disease, a representativie dose is in the range 

disclosed above, namely where the lower value is about 1, 5, 50, 500, or 1,000 
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Jig of peptide and the higher value is about 10,000; 20,000; 30,000; or 50,000 
fig of peptide, preferably firom about SOO ^g to about 50,000 ^g of peptide per 
70 kilograin patient Initial doses followed by boosting doses at established 
intervals, eig.. Scorn four weeks to six months, may be required, possibly for a 
prolonged p^od of time to effectively immunize an individual. In the case of 
chronic disease, administration should continue until at least clinical 
symptoms or laboratory tests indicate that the disease has been eliminated or 
substantially abated, and for a follow-up period thereafter. The dosages, 
routes of adininistration, and dose schedules are adjusted in accordance with 
methodologies known in the art. 

[0273] The pharmaceutical compositions for ther^qpeutic treatment are 

intended for parenteral, topical, oral, intrathecal, or local administration. 
Preferably, the pharmaceutical compositions are administered parentally, 
intravenously, subcutaneously, intradOTnally, or intramuscularly. 

[0274] Thus, in a preferred embodiment the invention provides compositions 

for parenteral administration which comprise a solution of the immunogenic 
peptides dissolved or suspended in an acceptable carrier, preferably an 
aqueous carrier. A variety of aqueous carriers may be used, eg., water, 
buffered water, 0.8% saline, 0.3% glycine, hyaluronic acid and flie like. These 
compositions may be sterilized by conventional, well known sterilization 
techniques, or may be sterile filtered. The resulting aqueous solutions may be 
packaged for use as is, or lyophilized, flie lyophilized preparation being 
combined with a sterile solution prior to administratiorL The compositions 
may contain phannaceutically acceptable auxiliary substances or 
pharmaceutical excipients as .may be required to ^proximate physiological 
conditions, such as pH-adjusting and buffering agents, tonicity adjusting 
agents, wetting agents, preservatives, and the like, for example, sodium 
acetate, sodium lactate, sodium chloride, potassium chloride, calcium chloride, 
sorbitan monolaurate, triethanolamine oleate, etc. . 

[0275] The concentration of peptides of the invention in flie pharmaceutical 

formulations can vary widely, ue., from less than about 0.1%, usually at or at 
ieasrabout"2% to as much as~2()% to 50% oFrnofeliy^d[pitran3~^^ 
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selected primarily by fluid volumes, viscosities, etc., in accordance with the 
particular mode of administration selected. 

[0276] A human unit dose form of the pq)tide composition is typically 

included in a pharmaceutical composition that also comprises a human unit 
dose of an acceptable carrier, preferably an aqueous carrier, and is 
administered in a volume of fluid that is known by those of skill in the art to 
be used for administration of such compositions to humans {see^ e.g., 
Remington 's Pharmaceutical Sciences, 17^ Edition, A. Gennaro, Editor, Mack 
Publishing Co., Easton, Pemisylvania, 1985). 

[0277] The peptides of the invention can also be administered via liposomes, 

which serve to target the peptides to a particular tissue, such as lymphoid 
tissue, or to target selectively to infected cells, as well as to increase the half- 
life of the peptide composition. Liposomes include emulsions, foams^ 
micelles, insoluble monolayers, liquid crystals, phospholipid dispersions, 
lamellar layers and the like. In these preparations, the peptide to be delivered 
is incorporated as part of a liposome, alone or in conjunction with a molecule 
which binds to a receptor prevalent among lymphoid cells (such as 
monoclonal antibodies which bmd to the CD45 antigen) or with other 
ther^eutic or immunogenic compositions. Thus, liposomes either filled or 
decorated with a desired peptide of the invention can be directed to the site of 
lymphoid cells, where the liposomes then deliver the peptide compositions. 
Liposomes for use in accordance with the invention are formed &om standard 
vesicle-forming lipids, which generally include neutral and negatively charged 
phospholipids and a sterol, such as cholesterol The selection of lipids is 
generally guided by consideration of, e.g., liposome size, acid lability and 
stability of the liposomes in the blood stream. A variety of methods are 
available for preparing Uposomes, as described in, e.g, Szoka, et al„ Ann. Rev. 
Biophys. Bioeng. 9:467 (1980), and U.S. Patent Nos. 4,235,871, 4,501,728, 
4,837,028, and 5,019,369. 

[0278] For targeting compositions of the invention to cells of the iromune 

system, a ligand can be incorporated into the Uposome, eg., antibodies or 
fragments thereof specific for cell surface detemiinants of the desired immune 
system cells. A liposome suspension containiag a peptide may be 
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administered intravenously, locally, topically, etc. in a dose i?^ch varies 
according to, inter alia, the manner of administration, the peptide being 
delivered, and the stage of the disease being treated. 

[0279] For solid compositions, conventional nontoxic solid carriers may be 

used vsrhich include, for exanaple, pharmaceutical grades of mannitol, lactose, 
starch, magnesium stearate, sodium saccharin, talcum, cellulose, glucose, 
sucrose, magnesium carbonate, and the like. For oral administration, a 
pharmaceutically acceptable nontoxic composition is formed by incorporating 
any of the normally employed excipients, such as those carriers previously 
listed, and generally 10-95% of active ingredient, that is, one or more peptides 
of the invention, often at a concentration of 25%-75%. 

[0280] For aerosol administration, the immunogenic peptides are preferably 

supplied in finely divided form, along with a surfactant and propellant. 
Typical percentages of peptides are 0.01%-20% by weight, often 1%-10%. 
The surfactant must, of course, be pharmaceutically acceptable, and preferably 
soluble in the propellant. Representative of such agents are the esters or 
partial esters of fatty acids containing jfrom 6 to 22 carbon atoms, such as 
caproic, octanoic, lauric, palmitic, stearic, linoleic, linolenic, olesteric and 
oleic acids with an aliphatic polyhydric alcohol or its cyclic anhydride. Mixed 
esters, such as mixed or natural glycerides may be employed. The surfactant 
may constitute 0,l%-20% by weight of the composition, preferably 0.25-5%. 
The balance of the composition is ordinarily propellant, although an atomizer 
may be used in which no propellant is necessary and other percentages are 
adjusted accordingly. A carrier can also be included, e.g., lecithin for 
intranasal delivery. 

[0281] Antigenic peptides of the invention have been used to elicit a CTL 

and/or HTL reqwnse ex vivo, as well. The resulting CTLs or HTLs can be 
used to treat chronic infections, or tumors in patients fliat do not respond to 
other conventional forms of therapy, or who do not respond to a therapeutic 
peptide or nucleic acid vaccine in accordance with the invention. Ex vivo CTL 
or HTL responses to a particular antigen (infectious or tumor-associated) are 
mducMby incubaffiig m Wsiue'cuiture^e patient's, or genetically comp^bleT^ 
CTL or HTL precursor cells together with a source of antigen-presenting cells 
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(APQ, such as dendritic cells, and the appropriate immunogenic peptide. 
After an appropriate incubation time (typically about 7-28 days), in which the 
precursor cells are activated and expanded into effector cells, the cells are 
infused back into tiie patient, where they wiU destroy (CTL) or faciUtate 
destruction (HTL) of their specific target cell (an infected cell or a tumor cell). 

KITS 

[0282] The peptide and nucleic acid con5)ositiQns of this invention can be provided 

in kit form together with instmctions for vaccine administration- Typically the kit 
would include desired conq)osition(s) of the invention in a container, preferably in 
unit dosage form and instructions for administration. For example , a kit would 
include an APC, such as a dendritic cell, previously exposed to and now presenting 
peptides of the invention in a container, preferably in unit dosage fimn together with 
. instructions for administration. An alternative kit would iaclude a minigene construct 
with desired nucleic acids of the invention in a container, preferably in unit dosage 
form together with instructions for administration. Lymphokines such as IL-2 or BL- 
12 may also be included in the kit Other kit components that may also be desirable 
include, for example, a sterile syringe, booster dosages, and other desired excq)ients. 

10283] The invention will be described in greater detail by way of specific 

examples. The following examples are offered for illustrative puiposes, and 
are not intended to limit flie mvention in any manner. Those of skill in the art 
will readily recognize a variety of non-critical parameters that can be changed 
or modified to yield alternative embodiments in accordance with the 
invention. 

EXAMPLES 

EXAMPLE! 

SELECTION OF TUMOR ASSOCIATED ANTIGENS 

YaccmesjwtoA bMjtom B7,-will afiford^broad, 

non-ethnically biased population coverage (83-88%), Vaccines which bind to HLA 
super^es, Al, All, and B44, will afford broad, non-ethnically biased population 
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coverage (99-100%). Since the A2 supertype is broadly expressed in the population 
(39-49%), peptides which bind to this family of molecules provide a reasonable 
starting point for the use of peptide-based vaccines. While the A2 vaccine targets 
patients that express HLA-A2 molecules, the approach can be readily extended to 
include peptide(s) that bind to additional alleles or supertype groups thereof. 

10285] Whole proteins often induce an immune response limited to specific 

epitopes that may be ineffective in mediatmg effective anti-tumor immune 
responses (Disis et al, J. Immunology 156:3151-3158 (1996); Manca et al, J. 
Immunology 146:1964-1971 (1991)). An epitope-based vaccine circumvents 
this limitation through the identification of peptide epitopes embedded in 
TAAs. Exemplary TAAs are set forth in Table 12. 

10286] Peptides were evaluated based upon MHC binding motifs, on the 

edacity to bind MHC molecules, and the ability to activate tumor-reactive 
CTL in vitro using lyinphocyte cultures firom normal individuals. This 
approach has several advantages. First, it does not require the isolation of 
patient-derived cells such as CTL or tumor cells. Secondly, the identification 
of epitopes that stimulate CTL in normal individuals permits the identification 
of a broad range of epitopes, including subdominant as well as dominant 
epitopes. 

[0287] Four tumor-associated antigens, CEA, p53, MAGE 2/3 and HER2/neu, 

are expressed in various tumor types (Kawashima et al. Human Immunology 
59:1-14 (1998); Tomlinson, etal. Advanced Drug Delivery Reviews, Vol 
32(3) (6 July 1998)). In a preferred embodiment, a vaccine comprises 
epitopes (as one or more peptides or as nucleic acids encoding them) fiom 
among these four, or any other, TAAs. Accordingly, this vaccine induces 
CTL responses against several major cancer types. 

[0288] Carcinoembryonic antigen is a 180 IdJmw cell surface and secreted 
glycoprotein overexpressed on most human adenocarcinomas. These include 
colon, rectal, pancreatic and gastric (Muraro, 1985) as well as 50% of breast 
(Steward, 1974) and 70% of non-small cell lung carcinomas (Vincent, 1978). 
This antigen is also expressed on normal epithelium and in some fetal tissue 
..(Thompsonjiai) 
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[0289] The HER2/neu antigen (185 kDa) is a transmembrane glycoprotein 

with tyrosine kinase activity whose structure is similar to the epidermal 
growth fector recq)tor (Coussens, 1985; Bargmann, 1986; Yamamoto, 1986). 
Amplification of the HER2/neu gene and/or overejqjression of the associated 
protein have been reported in many human adenocarcinomas of the breast 
(Slamon, 1987 and 1989; Borg, 1990), ovary (Slamon, 1989), uterus 
(Berchuck, 1991; Lukes, 1994), prostate (Kuhn, 1993; Sadasivan, 1993), 
stomach (Yonemura, 1991; Kameda, 1990; Houldsworth, 1990), esophagus 
(Houldsworth, 1990), pancreas (Yamanaka, 1993), kidney (Weidner, 1990) 
and lung (Kern, 1990; Rachwal, 1995). 

[0290] The MAGE, melanoma antigen genes, are a family of related proteins 

that were first described in 1991. Van der Braggen and co-workers were able 
to identify the MAGE gene after isolating CTLs &om a patient who 
demonstrated spontaneous tumor regression. These CTLs recognized 
melanoma cell lines as well as tumor lines from other patients all expressing 
the same HLA-Al restricted gene (van der Bruggen, 1991; De Plaen, 1994). 
The MAGE genes are expressed m metastatic melanomas (Brasseur, 1995), 
non-small lung (Weynauts, 1994), gastric (hioue, 1995), hepatocellular (Chen, 
1999), renal (Yamanaka, 1998) colorectal (Mori, 1996), and esophageal 
(Quillien, 1997) carcinomas as wells as tumors of the head and neck (Lee, 
1996), ovaries (Gillespie, 1998; Yamada, 1995), bladder (Chaux, 1998) and 
bone (Sudo, 1997). They are also expressed on normal tissue, specifically 
placenta and male gerai cells (De Plaen, 1994). However, these nonnal cells 
do not express MHC Class I molecules and therefore do not present MAGE 
peptides on their sur&ce. 

[0291] In this study and previous work to identify A2 superfamily epitopes 

(Kawashima, 1998), MAGE-2 and MAGE-3 were considered a single TAA, 
based on the expression patterns and predicted primary zxnmo acid sequences 
of the two genes. These two members of the MAGE family appear to be 
coordinated regulated (Zakut, 1993), resulting in a distribution in cancers tiiat 
appears to be very similar, if not identical. Therefore, immune responses 
directed at either antigen should provide coverage for treatment of the cancers 
expected to express these TAA. The MAG&-2 and MAGE-3 proteins are 84% 
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identical at the primary amino acid level. As a result, some epitopes are 
identical in the two antigens, while others are unique to one or the other. It 
should be noted that two subtypes of MAGE-2, designated "a" and b", have 
been reported (Zakut, 1993). The gene referred to herein as MAGB-2 
corresponds to the MAGE-2a subtype (C. Dahlberg personal communication, 
NB 1056, p.l6; Van der Bruggen, 1991; Zakut, 1993). 

[0292] The fourth TAA selected for use in the vaccine is p53. In normal cells 

the p53 gene induces a cell cycle arrest which allows DNA to be checked for 
irregularities and maintains DNA integrity (Kuerbitz, 1992). Mutations in the 
gene abolish its suppressor function and allow escape of transformed cells 
from the restriction of controlled growth. At the same time, these mutations 
lead to overexpression of both wildtype and mutated p53 (Levine, 1991) 
making it more likely that epitopes within the protein may be recognized by 
the immune system. The most common mutations are at positions 175, 248, 
273 and 282 and have been observed in colon (Rodrigues, 1990), lung (Fujino, 
1995), prostate (Eastham, 1995), bladder (Vet, 1995) and bone cancers 
(Abudu, 1999; Hung, 1997). 

[0293] Other TAAs that can be included in a vaccine composition are 

associated with prostate cancer (see, e,g., copending U.S. Patent Application 
USSN 09/633,364, filed 8 July 2000). 

[0294] Table 7 below delineates the tumor antigen e3q>ression in breast, colon 

and lung. By targeting four TAA, the likelihood of the mutation of tumor cells 
(tumor escape) into cells which do not express any of tibie tumor antigens is 
decreased. Pref^ably, the inclusion of two or more epitopes fiom each TAA 
serves to increase the likelihood that individuals of different ethnicity will 
respond to the vaccine and provides broadened popiilation coverage. 

[0295] This rational approach to vaccine compositions can be focused on a 

particular HLA allele, or extended to various HLA molecules or supertypes to 
further extend population coverage. 

[0296] Table 8 shows the incidence, 5-year survival rates, and the estimated 

number of deaths per year for these tumors in the U.S for each type of cancer 
in Table 7. La terms of estimated new cases, estimated deaths and 5 year 
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survival rates each of tiiese tumor types has a large unmet need. Globally, the 
incidence of these tumois is significantly greater. 

EXAMPLE 2: 

IDENTmCATION OF A2 SUPERMOITF/MOTIF-BEARING PEPTIDES 

[02971 Protein sequences ftom the four targeted tumor antigens (CEA, p53, 

MAGE 2/3 and HER2Aieu) were analyzed, to identify 8-, 9-, 10-, and 11-mer 
sequences containing flie HLA-A2 siipertype binding motif This motif 
[leucine (L), isoleucine (I), valine (V), mefliionine (M), alanine (A), threonine 
(T), or gjutamine (Q) at position 2, and leucine (L), isoleucine (I), valine (V), 
methionine (M), alanine (A), or threonine (T) at the C-terminus; see Table 2] 
is the predominant factor in detennining peptide binding to the HLA 
molecules within the A2 supertype (see, e.g., del Guercio et al. J. Immunol. 
154:685-693 (1995); Sette, A. and Sidney, J., Cur. Opin. Immunol, 10: 478- 
482 (1998); Sidney et al, Immunology Today, 17:261-266 (1996)). Nonamer 
and decamer sequences were further characterized using an A2-specific 
algorithm to evaluate secondary anchor residues (Ruppert et al. Cell 74:929- 
937 (1993); Gulukota et al. J. Mol Biol 267:1258-1267 (1997)). 

EXAMPLES 

MOLECULAR BINDING ASSAYS 

[0298] Native sequences containing HLA-A2 pq>tide motifs were tested 

directly for binding to human class I HLA molecules, since a subset of motif- 
bearing peptides bind with a biologically significant afiBnity, data depicted in 
Table 6. An affinity threshold < 500 nM to the HLA-A2 molecule was 
previously shown to define the capacity of a peptide epitt^e to elicit a CTL 
response (Sette et al. J. Immunol 153:5586-5592 (1994)). A conq)etitive 
inhib ition assay using purifi ed HLA mqlecideswas. used t o quantify .peptide., 
binding. Motif-bearing peptides woe initially tested for binding to 
HLA-A*0201, the prototype member of ttie HLA-A2 supertype. Peptides 
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binding to A*0201 with an IC50 ^ 500 nM were subsequently tested for their 
capacity to bind other predominant molecules of the A2 siqpertype: A*0202, 
A*0203, A*0206 and A*6802 (del Guercio et aL, J. Immunol, 154:685-693 
(1995); Sette, A. and Sidney, J., Cur. Opin. Immunol, 10: 478-482 (1998); 
Sidney et al, Immunology Today, 17:261-266 (1996)). A*Q201-binding 
peptides found to bind at least one additional A2 supertype membo: were 
selected for fiirdier testing. Analogs of the native sequences for the CEA and 
p53 w^ evaluated to identify additional CTL peptide epitopes, as described 
below. 

EXAMPLE4 
A2 EPITOPE IDENTIFICATION 

[0299] Since HLA-A2 is a species restricted molecule, the binding and 

functional activities of the A2 vaccine epitopes were measured in vitro using 
human molecules and cells. CTL epitopes were identified that demonstrated 
high or interaiediate HLA-A2 binding aflfimty (IC50 of < 500 nM). These 
epitopes also bound to at least one additional member of the HLA-A2 
supertype family with an IC50 ^ 500 nM. Each epitope stimulated the in vitro 
induction of a specific human CTL that recognized and lysed peptide-pulsed 
target cells and tumor ceU lines expressing the relevant TAA. A PADRE® 
molecule is optionally included in the vaccine to promote the induction of long 
lasting CTL responses (Alexander et aly Immunol Res. 18(2):79-92 (1998)). 

[0300] Immunological responses were demonstrated by in vitro induction of 

human CTL that were capable of recogniziag both peptide-pulsed cells and 
TAA-expressing tumor cell lines. In certain cases, analog peptides were 
selected based on either improved binding afBnity or siqpertype coverage 
relative to the native peptide and in one case, substitution of a cysteine with 
another amino acid. 

[0301] Analogous assays can be used for other HLA types. 
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EXAMPLES 

PEPTIDE ANALOGS INCREASE SUPERTYPE CROSS-REACTTVITY OR 
IMPROVE CHEMICAL CHARACTERISTICS 

[0302] Class I HLA peptides can be modified, or "analoged" by substitution 

of amino acids at a given position to increase their HLA binding affinity 
and/or supertype cross-reactivity (see, eg,. Table 2, and Zitvogel et aL, J Exp 
Med 183:87-97 (1996); Sette, et al, J. Immunol 153:5586-5592 (1994)). The 
amino acids at position 2 and tibie C terminus of a peptide are the primary 
contact or "anchor" residues tiiat interact with tiie HLA*'A2 binding pocket. In 
order to identify analogs for inclusion in a composition of the invention, 
anchor residues were modified by substitution with a presently preferred or 
less prefeired anchor residue, at position 2 and/or at the C-terminus. 

[0303] Anottier type of modification utilized involved the substitution of a- 

amino butyric acid (B) for endogenous cysteine (C) residues to avoid the 
potential complication of disulfide bridge formation during experimentation 
and development. 

[0304] For example, two criteria that were used to select native peptides to be 

analoged: 1) presence of a suboptimal anchor residue; and 2) at least weak 
binding (IC50 = 500-5000 nM) of the parent peptide to at least two or three 
alleles of a supertype. 

[0305] Peptides can also be analoged by modification of a secondary anchor 

residue. For exanq)le, in preferred approaches, a peptide can be analoged by 
removal of a deleterious residue in favor of an acceptable or preferred one; an 
acceptable residue can be exchanged for a different acceptable residue or a 
preferred residue, or a preferred residue can be exchanged for anotiier 
preferred one. 

[0306] Accordingly, peptide sequences were modified using one or more of 

the strategies described above. The peptides were tested for HLA-A2 
supertype binding using the molecular binding assay. Supertype-binding data 
-foranalog-peptides-areshown-in-Table^ 6— 
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EXAMPLE 6 

CELLULAR IMMUNOCTNICITY SCREENING 

[0307] The pq)tides of the invention were also evaluated for their potential to 

stimulate CTL precursor responses to the TAA-derived peptide (in vitro 
primary CTL induction) and CTL recognition of tumor cells expressing the 
target TAA peptide epitope (recognition of endogenous targets). These 
aiteria provided evidence that the peptides are functional epitopes. 

. In FzVro Primary CTL Induction 

[0308] Peripheral blood monocytic cell-derived (or bone-manow-derived) 
human DC, generated in vitro using GM-CSF and IL-4 and pulsed with a 
peptide of interest, were used as antigen presenting cells (APCs) in primary 
CTL mduction cultures. The peptide pulsed DC were incubated with CDS T 
cells (positively selected from normal donor lymphocytes using magnetic 
beads) which served as the source of CTL precursors. One week after 
stimulation with peptide, primary cultures were tested for epitope-specific 
CTL activity using either a standard chromium-release assay which measures 
cytotoxicity or a sandwich ELISA-based interferon gamma (IFNy) production 
assay. Each of the CTL epitopes of Table 6 stimulated CTL induction from 
CDS T ceUs of normal donors. 

Recognition of Endogenous Targets 

[0309] As described herem, T cell cultures testing positive for recognition of 

peptide-pulsed targets were expanded and evaluated for theit ability to 
recognize human tumor cells fliat endogenously express the TAA The 
chromium-release and IFNy production assays were used for these 
evaluations, with tumor ceU lines serving as the targets. Tumor cell lines 

la^i5£®?Eresaon^ HLA=A2 J.molecule served-as-the- 

negative control for non-specific activity. CTL cultures were generated which 
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recognized tumor cells in a peptide-spedfic and HLA-A2-restricted manner 
(Table 6). 

[0310] The HLA receptor binding and immunogenicity characteristics of CTL 

peptides are summarized in Table 6. 

EXAMPLE? 

A PADRE* MOLECUUB AS A HELPER EPITOPE FOR ENHANCEMENT 

OF CTL INDUCTION 

[0311] There is increasing evidence that HTL activity is critical for the 

induction of long lasting CTL req,onses (Livingston et al. J. Immunol 
162:3088-3095 (1999); Waits: et al.. New Engl. J.Med. 333:1038-1044 
(1995); Hu et al.. J. ^. Med. 177:1681-1690 (1993)). Therefore, one or 
more peptides that bind to HLA class E molecules and stimulate HTLs can be 
used in accordance with the invention. Accordingly, a preferred embodiment 
of a vaccine includes a molecule fiom the PADRE® family of universal T 
hOpet ceU epitopes (HTL) that target most DR molecules in a mamier 
designed to stimulate helper T cells. For instance, a pan-DR-binding epitope 
peptide having the formula: aKXVAAZTLKAAa, where '"X" is either 
cyclohexylalanine, phenylalanine, or tyrosine; «Z" is either liyptophan, 
tyrosine, histidine or asparagine; and "a" is either D-alanine or L-alanine (SEQ 
ID NO:29), has been found to bind to most HLA-DR alleles, and to stimulate 
the response of T helper lymphocytes from most individuals, regardless of 
their HLA type. 

[0312] A particularly preferred PADRE® molecule is a synthetic peptide, 

aKXVAAWTLKAAa (a = D-alanine, X = cyclohexylalanine), containing non- 
natural amino acids, specifically engmeered to maximize both HLA-DR 
binding capacity and induction of T ceU immune responses. 

[0313] Alternative preferred PADRE® molecules are the peptides, 

aKFVAAWTLKAAa, aKYVAAWTLBCAAa, aKFVAAYTLKAAa,' 

-.^PCVAAYTLKAAa, aKKVAAYTLKAAa,- — - a^fVAAHMAAa,- 

aKXVAAHTLKAAa, aKYVAAHTLKAAa, aKFVAANTLKAAa. 
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aKXVAANTLKAAa, aKYVAANTLKAAa, AKXVAAWTLKAAA (SEQ ID 
NO:30), AKFVAAWIIiCAAA (SEQ TD N0:31), AKYVAAWTLKAAA 
(SEQ ID NO:32), AKFVAAYTLKAAA (SEQ ID NO:33), 
AKXVAAYTLKAAA (SEQ ID NO:34), AKYVAAYTLKAAA (SEQ ID 
NO:35), AKFVAAHTLKAAA (SEQ ID NO:36), AKXVAAHTLKAAA 
(SEQ ID NO:37), AKYVAAHTLKAAA (SEQ ID NO:38), 
AKFVAANTLKAAA (SEQ ID NO:39), AKXVAANTLKAAA (SEQ ID 
NO:40), AKYVAAMXKAAA (SEQ ID NO:41) (a = D-alanine, X = 
cyclohexylalanine). 

[0314J In a presently preferred embodiment, the PADRE® peptide is 

amidated. For example, a particularly preferred amidated embodiment of a 
PADRE® molecule is conventionally writtai aKXVAAWTLBCAAa-NH2. 

[0315] Competitive inhibition assays with pmified HLA-DR molecules 

demonstrated that the PADRE® molecule aKXVAAWTLKAAa-MIz binds 
with high or intermediate afiBnity (IC50 ^1,000 nM) tol5 out of 16 of the most 
prevalent HLA-DR molecules ((Kawashima et al. Human Immunology 
59:1-14 (1998); Alexander et al.. Immunity 1:751-761 (1994)). A comparison 
of the DR binding capacity of PADRE® and tetanus toxoid (TT) peptide 830- 
843, a "universal" epitope has been published (Panina-Bordignon et al.. Eur. J. 
Immunology 19:2237-2242 (1989)). The TT 830-843 peptide bound to only 
seven of 16 DR molecules tested, while PADRE® bound 15 of 16. At least 1 
of the 15 DR molecules fliat bind PADRE® is predicted to be present in >95% 
of all humans. Therefore, this PADRE® molecule is anticipated to induce an 
HTL response in virtually all patients, despite flie extensive polymorphism of 
HLA-DR molecules in the human population. 
[0316] PADRE® has been specifically engiueered for optimal immunogenicity 

for human T cells. Representative data &om in vitro primary immunizations 
of normal human T cells with TT 830-843 antigen and the PADRE® molecule 
aKXVAAWTLKAAa-NH2 are shown in Figure 1. Peripheral blood 
mononuclear cells (PBMC) from three normal donors were stimulated with the 
peptides in vitro. Following the third round of stimulatioi^ it was observed 
that PADRE® generated significant primary T cell responses for all three 
donors as measured in a standard T cell proliferation assay. With ±e 
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PADRE peptide, the 10,000 cpm proliferation level was generally reached 
with 10 to 100 ng/tnl of antigen. In contrast, IT 830-843 antigen generated 
responses for only 2 out of 3 of the individuals tested. Responses ^roaching 
the 10,000 cpm range were reached with about 10,000 ng/ml of antigen. In 
this respect, it was noted that PADRE® was, on a molar basis, about 100-fold 
more pot^t than TT 830-843 antigen for activation of T cell responses. 
[0317] Early data from a phase l/U investigator-sponsored trial, conducted at 

the University of Leiden (CJ.M. Melief), support the principle that the 
PADRE® molecule aKXVAAWTLBCAAa, possibly the amidated 
aKXVAAWTLKLAAa -NH2, is highly immunogenic in hiunans (Ressing et al. 
Detection of immune responses to helper peptide, but not to viral CTL 
epitopes, following peptide vaccination of immunocompromised patients with 
recurrent cervical carcinoma, (J. hnmunother. 23(2):255-66 (2000)). In this 
trial, a PADRE® molecule was co-emulsified with various human papilloma 
virus OHPV)-derived CTL epitopes and was injected into patients with 
recurrent or residual cervical carcinoma. However, because of the late stage 
of carcinoma with the study patients, it was expected that these patients were 
immunocompromised. The patients' inmiunocompromised status was 
demonstrated by their low frequency of influenza virus-specific CTL, reduced 
levels of CD3 expression, and low incidence of proliferative recall responses 
after in vitro stimulation with conventional antigens. Thus, no efficacy was 
anticipated in the University of Leiden trial, rather the goal of that trial was 
essaitially to evaluate safety. Safety was, in &ct, demonstrated. In addition 
to a favorable safety profile, PADRE® T cell reactivity was detected in four of 
12 patients (Figure 2) in spite of the reduced immune competence of these 
patients. 

[0318] Thus, the PADRE® peptide component(s) of the vaccine bind with 

broad specificity to multiple allelic forms of HLA-DR molecules. Moreover, 
PADRE® peptide component(s) bind with high affinity (IC50 <1000 nM), i.e., 
at a level of affinity correlated with being immunogenic for HLA Class II 
restricted T cells. The in vivo administration of PADRE® peptide(s) stimulates 
the proliferation of HTL in normal humans as well as patient populations. 
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EXAMPLES 

FUNCTIONAL COMPETENCE OF PROGP-DERIVED DC 

[0319] One embodiment of a vaccine in accordance with the invention 

comprises q)itope-beaiing peptides of the invention delivered via dendritic 
cells (DC). Accordingly, DC were evaluated in both in vitro and in vivo 
immune function assays. These assays include the stimulation of CTL 
hyforidomas and CTL cell lines, and the in vivo activation of CTL. 

DC Purification 

[0320] ProGP-mobilized DC were purified fiom peripheral blood (PB) and 

q)leens of ProGP-treated C57B1/6 mice to evaluate their ability to present 
antigen and to elicit cellular immune responses. Briefly, DC were purified 
fix>m total WBC and spleen using a positive selection strategy employing 
magnetic beads coated with a CDllc specific antibody (Miltenyi Biotec, 
Auburn CA). For comparison, ex vivo expanded DC were generated by 
culturing bone maiiow cells fi'om untreated C57B1/6 mice with the standard 
cocktail of GM-CSF and IL-4 (R&D Systems, Minneapolis, MN) for a period 
of 7-8 days (Mayordomo et aL, Nature Med. 1:1297-1302 (1995)). Recent 
studies have revealed that this ex vivo expanded DC popxilation contains 
effective antigen presenting cells, with the capacity to stimulate anti-tumor 
immune responses (Celluzzi et al, 1 Exp. Med. 83:283-287 (1996)). 

[0321] The purities of ProGP-derived DC (100 |ig/day, 10 days, SC) and GM- 
CSF/IL-4 ex vivo expanded DC were determined by flow cytometry. DC 
populations were defined as cells expressing both CDllc and MHC Class II 
molecules. Following purification of DC fix)m magnetic CDllc microbeads» 
the percentage of double positive PB-derived DC, isolated &om ProGP-treated 
mice, was enriched fcom ^proximately 4% to a range from 48-57% (average 
yield - 4.5 x 10^ DC/animal). The percentage of purified splenic DC isolated 
. . fonuEroGEL treated jnice-w^-enrichedAom. a rangfejof.-12=17.%io a rangejof 
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67-77%. The purity of GM-CSF/IL-4 ex vivo expanded DC ranged from 31- 
41% (Wong et aL, J. Immunother., 21:32040 (1998)). 
In Vitro Stimulation of CTL Hybridomas and CTL CeU Lines: 
Presentation of Specific CTL Epitopes 
[03221 The ability of ProGP generated DC to stimulate a CTL ceU line was 

demonstrated in vitro using a viral-derived epitope and a corresponding 
epitope responsive CTL cell line. Transgenic mice expressing human HLA- 
A2,l were treated with ProGP, Splenic DC isolated from these mice were 
pulsed with a peptide q)itope derived from hepatitis B virus (HBV Pol 455) 
and then incubated v^th a CTL cell line that responds to the HBV Pol 455 
epitope/HLA-A2.1 complex by producing IFNy. The cqjacity of ProGP- 
derived splenic DC to present the HBV Pol 455 epitope was greater than that 
of two positive control populations: GM-CSF and IL-4 expanded DC cultures, 
or purified splenic B cells (Figure 3). The left shift in the response curve for 
ProGP-derived spleen cells versus the other antigen presenting cells reveal that 
these ProGP-derived cells require less epitope to stimulate TnaYimal iFNy 
release by the responder cell line. 

EXAMPLE 9 

PEPTIDE-PULSED PROGP-DERIVED DC PROMOTE IN VIVO CTL 

RESPONSES 

[0323] The ability of ex vivo pq)tide-pulsed DC to stimulate CTL responses 

in vivo was also evaluated using flie HLA-A2.1 transgenic mouse model. DC 
derived from ProGP-treated animals or control DC derived from bone marrow 
cells after expansion with GM-CSF and IL-4 were pulsed ex vivo with the 
HBV Pol 455 CTL epitope, washed and injected (IV) into such mice. At 
seven daj^ post immunization, spleens were removed and splenocytes 
containing DC and CTL were restimulated twice in vitro in the presence of the 
HBV Pol 455 peptide. The CTL activity of three independent cultures of 
-"restmulatedrspleen- cell -cultures- was-assessed by measuring^* ^[biIirj^"of the — 
CTL to lyse ^^Cr-labeled target cells pulsed with or without peptide. Vigorous 
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CTL responses were generated in animals immunized with flie epitope-pulsed 
ProGP derived DC as well as epitope-pulsed GM-CSF/IL-4 DC (Figure 4). lii 
contrast, animals that were immunized with mock-pulsed ProGP-generated 
DC (no peptide) exhibited no evidence of CTL induction. These data confirm 
that DC derived &om ProGP treated mice can be pulsed ex vivo with epitope 
and used to induce specific CTL responses in vivo. Thus, these data support 
the principle that ProGP-derived DC promote CTL responses in a model that 
manifests human MHC Class I molecules. 
[0324] In vivo pharmacology studies in mice have demonstrated no apparent 

toxicity of reinfiision of pulsed autologous DC into animals. 

EXAMPLE 10 . 

MANUFACTURING OF SYNTHETIC PEPTIDES 

Physical/Chemical Properties of the Bulk A2 Vaccine Peptides 

[0325] In one embodiment, each peptide of the invention is prepared by 

chemical synthesis and is isolated as a solid by lyophilization. Peptides are 
manufactured in compliance with Good Manufacturing Practices. 

[0326] Bulk peptides of the invention, following identity and release testing, 

are formulated as an aqueous or non-aqueous solution, sterile filtered, and 
aseptically filled into sterile, depyrogenated vials. Sterile rubber stoppers are 
inserted and overseals applied to the vials. The vialed formulations undergo 
100% visual inspection and specified release testing. The released vials are 
labeled and packaged before delivery for administration. 

[0327] Table 6 summarizes the identifying source number, the amino acid 

sequence, bmding data, and properties of CTLs induced by each peptide. 
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EXAMPLE 11 

DENDRITIC CELL ISOLATION, PULSING, TESTING AND 
ADMINISTOATION 

103281 A presently preferred procedure for vaccination is set forth herein. In 

hrie^ patients are treated with.ProGP to expand and mobilize DC into the 
circulation. On the day of peak DC mobilization, determined in accoidance 
with procedures known in the art, patients undergo leukapheresis 
(approximately 15L process, possibly repeated once if required to collect 
sufiBdent mononuclear cells). The mononuclear cell product is admixed with 
peptides of the invention by injection through micropore filters (this admixing 
protocol is not needed if sterile peptides are used). After incubation and 
washing to remove residual unbound peptides, the cell product vaccine 
embodiment is resuspended in cryopreservative solution (final 10% DMSO) 
and, for those protocols involving multiple vaccination boosts, divided into 
aliquots. The pulsed mononuclear cell product(s) are fix)zen and stored 
according to accepted procedures for hematopoietic stem cells. 

[0329] Vaccination is performed by injection or intravenous infusion of 

thawed cell product after the hematologic effects of ProGP in the patient have 
dissipated (ie.y the hemogram has returned to baseline). Figure 5 provides a 
flow chart of ex vivo pulsing of DC with peptides, washing of DC, DC testing, 
and cryopreservation. A more detailed description of the process is provided 
in the following Examples. 

EXAMPLE 12 

ADMINISTRATION OF PROGP AND COLLECTION OF 
MONONUCLEAR CELLS BY LEUKAPHERESIS 

[0330] Patients are treated with ProGP daily by subcutaneous injection (dose 

and schedule determined in accordance with standard medical procedures). 
On the evening before leukapheresis, patients are assessed by an q)heresis 
physician or nmrse/technologist for adequacy of intravenous access for large- 
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bore aphercsis catheters. If peripheral venous access is deemed inadequate to 
maintain rapid blood flow for apheresis, then central venous catheters 
(inguinal, subclavian or internal jugular sites) can be inserted by appropriate 
medical/surgical personneL On the day of predicted peak DC mobilization, 
leukapheresis (approximately 3 blood volumes or 15L) is performed, for 
example, on a Cobe Spectra or Fenwal CS3000 (flow rate S^5mL/min) to 
obtain mononuclear cells. The number of DC in the leukapheresis product is 
estimated by flow cytometric counting of mononuclear cells possessing the 
immunophenotypes lin-/HLA-DR+/CDllc+ and lin-/HLA-DR+/CD123+ in a 
ImL sample aseptically withdrawn from the apheresis product. The numbers 
of granulocytes and lymphocytes in the leukapheresis product are counted by 
automated cytometry (CBC/difiFerential). CBC/diflferential is performed 
immediately after the leukapheresis procedure and every other day for ten 
days to monitor resolution of the hematologic effects of the hematopoietm 
treatment and q)heresis. 

EXAMPLE 13 
A PROCEDURE FOR DENDRmC CELL PULSING 

[0331] Plasma is removed from the leukapheresis product by cenlrifugation 

and expression of supernatant. The cells from flie centrifugation peUet are 
resuspended in OptiMEM medium with 1% Human Serum Albumin (HSA) at 
a cell density of 10^ DC/ml in iq) to 100 ml. 

[03321 The pq)tide(s) of the invention, preferably as individual sterile A2 
peptide formulations, are administered directty into the DC culture bag 
through an injection port, using aseptic technique. After mixing. e.g., by 
repeated squeezing and inversion, the cell suspension is incubated for four 
hours at ambient temp«aature. Cryopreservative solution is prq)ared by 
dissolving 50 mL pharmaceutical grade dimethylsulfoxide (DMSO) in 200 mL 
Plasmalyte®. After the pulsing period, the ceU suspension is washed by 
--s^trifugation-^d-resuspensicju-ia-aneip^ 

saline solution. The washing procedure is repeated a defined number of times. 
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e.g., unta Studies vaUdate that peptides have been removed. Samples of one 
milMter each are removed for viabiKty testing and microbiological testing. 
The cells are then prepared for fieezing by cenbifugation and resuspension in 
an equal volume of cryopreservative solution (final 10% DMSO). The ceU 
suspension m cryopreservative is then divided into six equal aliquots, 
transferred to 50 ml freezing bags (Fenwal) and frozen at controUed rate of 
VOmm for storage in Uquid nitrogen until needed for vaccination procedure. 

Assay to Evaluate the Pulsing Procedure 

[0333] Antigen presenting cells, long-term stimulated T cells coiresponding to 

peptides of the invention, or T ceU hybridomas, are used to determine the 
optimal procedure for incubating the peptide reagents of a vaccine with human 
ceUs. Pulsing studies are done using one or more of the following cell 
sources: purified DC from ProGP freated HLA- A2.1 transgenic mice; human 
tumor ceU lines that express HLA-A2; peripheral blood mononuclear cells 
from normal human volunteers; peripheral blood mononuclear cells from 
ProGP treated patients; and/or DC obtained from normal human HLA-A2 
volunteers foUowing the ex vivo culture of then: peripheral blood mononuclear 
cells with GM-CSF and IL-4. 
[0334] Evaluated conditions include, e.g. : 

Cellular isolation procedure and cell number 
Concentration of vaccine peptides 
Washing conditions to remove ancillary reag^ts 
Post-pulsmg manipulations (resuspension, fi:eezmg) 
[03351 Accordingly, these shidies demonstrate the abiUty of the procedure to 

produce functional HLA-A2/peptide complexes on the surface of the human 
cells. The validation of the pulsing procedure is established using HLA-A2.1- 
specific T cell lines after which the Phase I clinical trial occurs. 
[0336J This Example miay also be performed using Al, A3, A24, B7 or B44- 

restricted peptides by substituting appropriate HLA-related reagents. It will be 
-elearto-one-of-skiliTnthe'arthow tb-make~such'sub^^^ " 
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EXAMPLE 14 

VALIDATION OF PEPTIDE REMOVAL FROM THE DC PRODUCT 

[03371 Following pulsing with the peptide reagents, DC from the patient are 

washed several times to remove excess peptides prior to infusing the cells 
back into the patient In this embodiment of a vaccine of the invration, the 
washing procedure removes unbound peptides. Accordingly, ttiere is no, or 
negligible, systemic exposure of the patient to the peptides. Altemative 
vaccines of the invention involve direct administration of peptides of the 
invention to a patient, administration of a multiepitopic polypeptide 
comprising one or more peptides of the invention, administration of the 
peptides in a form of nucleic acids which encode them, e,g., by use of 
minigene constructs, or by viral vectors. 

Assay for Vaccine Peptides in the Dendritic Cell Wash Buffer 

[0338] After the DC are incubated with the peptides, the cells are washed with 

multiple volumes of wash buffer. An aliquot of the last wash is placed onto a 
nonpolar solid-phase extraction cartridge and washed to reduce the salt contrat 
of tiie sample. Any peptides contained in the buffer will be eluted from the 
extraction cartridge and evaporated to dryness. The sample is then 
reconstituted in High Performance Liquid Chromatography (HPLC) mobile 
phase, injected onto a polymer based reverse-phase HPLC colunm, and eluted 
using reverse-phase gradient elution chromatography. Residual peptides are 
detected using a mass spectrometer set-up to monitor the protonated molecular 
ions of each peptide as they elute from the HPLC column. . The peptides are 
quantified by comparing the area response ratio of analyte and internal 
standard to that obtained for standards in a calibration curve. 
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EXAMPLE 15 

VALIDATION OF TRIFLUORO ACETIC ACID REMOVAL FROM THE 

DC PRODUCT 

[03391 In a particular embodiment, peptide reagents may be fonnulated using 

0.1% trifluoroacetic acid (TFA). The washing procedure developed to remove 
residual pq)tide also removes residual TFA. 

EXAMPLE 16 

DENDRmC CELL RELEASE TESTING 

Identity 

[0340] The number of DC in the leukapheresis product is estimated by flow 

cytometric counting of mononuclear cells possessing the immunophenotypes 
lin-ZEHA-DR'/CDllc^ and lin-ZHLA-DRVCDnS-" in a 1 ml sample 
aseptically withdrawn fix>m the apheresis product lin" cells excludes 
monocytes, T-lymphocytes, B-lymphocytes, and granulocytes, by using a 
cocktail of antibodies to lineage markers CDS, CD14, DC16, CD19, CD20, 
CD56. 

Cell Viability 

[0341] Viability of mononuclear cells is assessed after pulsing and washing, 

prior to suspension in cryopreservative, by trypan blue dye exclusion. In 
general, if the cell product contains more than 50% trypan blue-positive cells, 
the product is not administered to a patient. 

Microbiological Testing 

-[03421 The* ^Hnsu^enstofi "in"Styopfe^ ir^'amine3*"f6r nScrobST 

contamination by gram stain and routine clinical bacterial and fungal 
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culture/sensitivity. If tests are positive for bacterial or firngal contamination, 
inqjlidt evidence of significant contamination, the product is not infiised, tf, 
e.g., a gram stain is negative, the product may be infused for the first 
vaccination while awaiting results of culture/sensitivity. Antibiotic therapy 
based on culture results is instituted at flie discretion of the treating physician 
if the patient shows appropriate signs of infection that could be clinically 
attributable to the infused contaminant. 

EXAMPLE 17 
PATIENT VACCINATION 

[0343J In a preferred embodiment, an aliquot of fix>zen pulsed dendritic cell 

product is removed j&om a liquid nitrogen fireezer and kept ftozen in an 
insulated vessel containing liquid nitrogen during transport to the infusion site. 
The product is thawed by inmiersion with gentle agitation in a water bath at 
3TC. Immediately on thawing, the cell suspension is mfused through 
intravenous line by gravity or by syringe pump. Altematively, the vaccine is 
administered by injection, e.g., subcutaneously, intradermaUy, or 
intramuscularly. Hie patient's vital signs are monitored before 
infusion/injection and at 5 minute intervals during an infusion, flien at 15 
minute intervals for 1 hour after infiision/injectian. 

[0344] Infusion protocols in accordance with knowledge in the art are carried 

out for alternative vaccine embodiments of the invention, such as direct 
pqptide infusion or nucleic acid administration. 

EXAMPLE 18 
ANT A2 VACCINE 

[0345] A vaccme in accordance with the invention comprises eight peptide 
^^topes bearing the HLArA2 supennoti£ CoUectively, these eight epitopes 
are derived fix>m the tumor associated antigens (TAAs) HER2Aieu, p53, 
MAGE 2, MAGES, and carcinoembryonic antigen (CEA), and stimulate CTL 
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responses to these TAAs. (see Table 9) These eight peptides, which are also 
presented in Table 6, bear an HLA-A2 supennotif. Optionally, a ninth peptide, 
an HTL epitope that enhances CTL responses such as a pan-DR-brnding 
peptide ^ADRE®, Epimmune, San Diego, CA), is included. 

[0346] The eight HLA-A2 peptide components of the A2 vaccine bind to 

multiple HLA-A2 siq)er&mily molecules with high or intermediate afBnity 
(ICso ^ 500 nM). HLA-A2-specific analog and native peptide components of 
the A2 vaccine stimulate CTL from the peripheral blood of normal human 
volunteers. These CTL recognize native peptides that have been pulsed onto 
HLA-A2 expressing APCs, as weU as endogenous peptides presented by 
HLA-matched tumor cell lines. Thus, the A2 vaccine is effective in 
stimulating the cellular arm of flie inmiune system to mediate inmiune 
responses against tumors. 

[0347] It is to be appreciated that vaccines comprising peptides bearing other 

motifs, or nucleic acids encoding such peptides, are also used in accordance 
with the principles set forth herein, and are within the scope of the present 
invention. 

[0348] In a preferred embodiment, an A2 vaccine comprises DC pulsed ex 

vivo with the nine peptides. This embodiment of a vaccine can be used with 
progenipoietm (ProGP)-mobilized DC. 

EXAMPLE 19 

AN A2 VACCINE 

[03491 An A2 vaccine comprises a cocktail of 12 pq)tides, 10 of which 

stimulate CTL responses to the tumor associated antigens (TAA) HER2/neu, 
p53, MAGE 2/3, and carcinoembryonic antigen (CEA). The remaining two 
peptides are both members of the PADRE® family of peptides that are HTL 
epitopes that enhance CTL responses (see Table 10). This embodiment of an 
A2 Vaccine is used in combination witii an emulsion-based adjuvant such as 
-Montanide® JSA5^1-or~ISA720" (SeppiG,-PaHSr-iT^ or- an—Incomplete — 
Freund's Adjuvant, preferably administered by injection. As appreciated by 
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those of skill in the art, alternative modes of administration can also be used. 
Many adjuvants are known in the art, and are used in accordance with the 
present invention, see, eg., Tomlinson, etal^ Advanced Drag Delivery 
Reviews, Vol. 32(3) (6 July 1998). 
[0350] The eight HLA-A2 CTL pqptide components of this vaccine 

embodiment bind to multiple HLA-A2 siq)erfamily molecules with high or 
intermediate affinity (IC50 ^ 500 nM). The HLA-A2-specific analog and 
native peptide components of the present vaccine stimulate CTL from patient's 
blood. These CTL recognize native peptides that were pulsed onto HLA-A2 
expressing APCs, as well as endogenous peptides presented by HLA-matched 
tumor cell lines. 

[0351] Two peptides that stimulate HLA class U are also used in accordance 

with the invention. For instance, a pan-DR-binding epitope peptide having the 
formula: aKXVAAZTLKAAa, where '"X" is either cyclohexylalanine, 
phenylalanine, or tyrosine; "Z" is either tryptophan, tyrosine, histidine or 
asparagine; and "a'' is either D-alanine or L-alanine (SEQ ID NO:29), has been 
found to bind to most HLA-DR alleles, and to stimulate the response of T 
helper lymphocytes from most individuals, regardless of their HLA type. Two 
particularly preferred PADRE® molecules are the peptides, 
aKFVAAYTLKAAa-NH2 and aKXVAAHTLKAAa-NHz (a = D-alanine, X = 
cyclohexylalanine), the latter containing a non-natural amino acid, specifically 
engmeered to maximize both HLA-DR binding capacity and induction of T 
cell immune responses. 

[0352] The PADRE® peptide componmts of tiie A2 vaccine bind with high 

affinity and broad specificity to multiple allelic foims of HLA-DR molecules 
(IC50 ^1000 nM). The in ^nvo administration of PADRE® peptide stimulates 
the proliferation of HTL in normal humans as well as patient populations. 
Thus, this vaccine embodiment is effective in stimulating the cellular arm of 
the immune system to.mediate immune responses against tumors. 
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EXAMPLE 20: 



IDENnnCATION OF HLA-Al, -A3, -A24 AND -B7 MOTIF BEARING 

PEPTIDES 

I03S3] Cytotoxic T ceUs (CTLs) play a major role in anti-tumor immune 
responses by directly lysing tumor cells and also by secreting cytokines such 
as interleukin-2, TNFa (tumor necrosis factor), GM-CSF (granulocyte- 
macrophage colony stimulating fector) and interferon gamma (IFNy) which 
can contribute to the anti-tumor effect. These CTLs recognize small peptides, 
8-11 amino acids long, that are derived fiom antigens expressed specificaUy 
by tumor cells and bound to MHC Class I molecules (Zinkemagel, 1997; 
York, 1996; Rammensee, 1993). The role of CTLs in tumor regression ha^ 
been documented in both mouse models and patients. The CTLs constitute a 
major component of immune lymphocytes infiltiating tumor sites (TIL ceUs). 
These cells have been associated with spontaneous tumor regression in 
humans (Zom, 1999). In vivo CTL induction m transgenic mice gives rise to 
CTLs that recognize tumor cells resulting in tumor regression. Toes et al 
(1996) and Vierboom et al (1997) also performed adoptive transfer 
experiments in mice and observed protection fiom tumor development. 
Adoptive transfer experiments in humans have also demonstrated the efficacy 
of anti-tumor CTL (Greenberg. 1991; Kawakami, 1995). Human trials have 
demonstrated that epitope-specific CTLs can be induced in cancer patients and 
in several instances correlated their induction with partial or complete timior 
responses (Murphy. 1996; Nesd6, 1998; Rosenberg, 1998). 
[0354] An important first step m the development of a cancer vaccine is the 

identification of these peptide epitopes fiom timiar-associated antigens (TAA). 
There are numerous tiimor-associated antigens expressed by ttnnor cells and a 
tumor cell may express multiple qpitopes 6om several TAA (Tsang,. 1995; 
Rongcun, 1999; Soussi, 1996). Several investigators (Shu, 1997; Wang, 1997; 
Gilboa, 1999 and Berlyn, 1999) have attempted to categorize flie tumor 
- ^tigens-identified-to-date. -Briefl3^thWlfeWCTififi-aff6H-55tiieris'&" 
correspond to normal tissue-specific gene products such as tyrosmase, gplOO 
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and MART-1; mutations of tumor supiMBSsor genes such as p53, ras and 
bcr/abl; overexpressed nomial or embiyonic gene products represented by 
MAGE (a femily of melanoma associated antigens), Her2Aieu and CBA; and 
antigens derived fiom viruses sudi as human papilloma virus. Tumor cells 
may be expressed by more than one TAA, and a tumor cell may express 
multiple epitopes fiom a particular TAA (Van den Eynde, 1989; Tsang, 1995; 
Rongcun, 1999; Soussi, 1996). 
[0355] For the purpose of developing a broadly effective cancer vaccine, four 

TAA (CEA, HER2/neu, MAGE2/3, and p53) expressed by many tumors such 
as colon, breast, lung and gastric cancers, and in the case of MAGE, some 
melanomas, were selected. The use of multiple TAA should address the 
potential problem in developing a cancer immuiiother^eutic; namely, liiat 
tumor escape can occur througji die selection of antigen-negative variants 
(Boon, 1989a,b; Melief, 1989). 
[0356] Using peptide epitopes in a vaccine composition has distinct 

advantages over using whole antigen. The whole antigen may include 
immunosuppressive epitopes or might have undesired intoinsic biological 
activity. An additional advantage to an epitope-based vacdne is flie ability to 
combine both CTL and helper qjitopes, or epitopes fix>m multiple TAA or 
HLA ^es into a angle fomiulation. 
[0357] One obstacle m the development of CTL epitope based vaccines is the 
large degree of MHC polymorphism (Sette, 1998). The Class I MHC 
displaymg these epitopes in humans are termed human leukocyte antigens, or 
HLA. While there are over 125 HLA Class I molecules, it has been discovered 
that most can be grouped mto one of several families or "supertypes" based on 
then abiUty to bind similar repertoires of peptides. Nine major class I 
supertypes have been described (Sette and Sidney, 1999). Of these, the five 
most prevalent are HLA-A2.1, -A3, -B7, -Al and -A24. Together tiiese 5 
supertypes cover, on average, 98.8 % of the Caucasian, Afiican American, 
Japanese, Chinese and Hispanic populations (Table la). The A2 superfamily 
and the corresponding peptide motife have been characterized elsewhere 
" XSeTte;' 1 998): "Tier eiofeTthis 
A24. The A3 superfamily comprises A*03, A*ll, A*3101, A*3301 and 
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A*6801, of which A*03 and A*ll are the most predominant. The A3 
supertype provides an average coverage of 44.2% amongst the 5 major 
ethnicities: Caucasian, Black, Jq)anese, Chinese and Hispanic populations 
(Table 11, Sidney, 1996a). A B7 superfamily has also been identified and 
ccomprises HLA-B*0702, B*3501-3, B*51, B*5301 and B*5401, and has an 
average population coverage of 44.7% (Table 11, Sidney, 1996b). Work done 
at Epimmune and by others has demonstrated that many peptides exhibit 
degenerate (crossreactive) bmding (Tanigaki, 1994; del Guercio, 1995; 
Sidney, 1995; Sidney, 1996b) which would allow us to identify supertype 
' cross-reactive epitopes that would extend the breadth of coverage. 

[0358] Until binding assays for all of the HLA-Al and -A24 superfamily 

alleles are developed, identification of HLA-Al and -A24 restricted candidate 
peptides relies on motif analysis and binding affinity assays for the primary 
alleles, A*0101 and A*2402. These 2 alleles would provide average 
population coverage of 11.9% and 28.7%, respectively (Table 11). HLA- 
. A'*'01 increases covCTage of black, Chinese, and Hispanic populations and 
A*24 provides significant coverage of the Asian and Hispanic populations. 

[0359] Analysis of HCV-derived p^tides revealed that peptides binding the 

. predominant allele of the supertype (i.e. A*0201 for the A2 supolype and 
A*0301 for the A3 supertype) with an IC50 <10QnM showed cross-reactive 
binding and were recognized by infected patients. Hepatitis B virus-derived 
peptides that fit the same criteria were also demonstrated to be immunogenic 
89% of the time either in transgenic mice, HBV-infected patients, or human 
primary PBL cultures (data not shown). A significant body of work was done 
with infectious disease antigens that demonstrated that immunogenicity could 
be predicted on the basis of binding affinity of <500nM (Sette, 1994a; 
Wentworth, 1996, Alexander, 1997) and supertype cross-reactivity (Threlkeld, 
1997; Bertoni, 1997; Doolan, 1997; Scognamiglio, 1999). A correlation 
between binding afiSnity and immunogenicity was also demonstrated for 
HLA-A2-restricted TAA (Keogh, et al. J. Immunol. 167(2):787-91 (2001)). In 
the case of TAA-derived wildtype peptid es, b inding afiSnity <20QnM and 
supertype cross-reactivity were highly predictive of endogenous recognition 
(75%). The same success rate was achieved with analogs when primary 
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iimnimogemcity was considered in addition to binding aJBSnity and si5)ertype 
binding. 

[0360] Based on this knowledge, the principal strategy for epitope 

identification has been to first identify candidate peptides in the wildtype 
antigen sequence by their MHC binding motif, then to determine their binding 
affinity and siqpertype crossreactivity (DiBrino, 1993; Sette, 1994b). High 
affinity, crossreactive peptides are then tested for in vitro immimogenicity 
with PBMCs firom normal donors and their ability to induce tumor-reactive 
CTLs (Celis, 1994a; CeUs, 1994b; Kawashima, 1998, Feltkamp, 1994). 

[0361] An extension of this strategy adopted to identify peptides for potential 

inclusion in vaccines is the development of primary anchor-substituted 
analogs (Ruppert, 1993). This strategy involves the identification of peptides 
carrying suboptimal residues at their primary anchor . positions, and the 
replacement of one or more of these suboptimal residues with optimal anchor 
residues to enhance binding affinity to the predominant allele of ttie 
superfamily and/or crossreactivity to the other alleles in the superfamily. This 
strategy has been used to generate analogs of A2 restricted peptides (Keogh, et 
al J. Immunol 167(2):787-96 (2001)). The preferred and tolerated amino 
acids at each anchor position for A3, Al, A24 and B7 binding peptides have 
been identified in order to formulate analoging strategies for these alleles. The 
results of those efforts are briefly sunnnarized herein and in Sidney, et al 
Hum. Immunol 62(11):1200-16 (2001). 

[0362] The use of analogs is also relevant to address the problem of expanding 

the number of potential epitopes of a given tumor antigen, particularly in the 
case of small proteins such as p53. In addition, broadly crossreactive 
supertype binding analogs increase population coverage of a given epitope. 
Analogs can also be used to enhance the immunogenicity of known epitopes. 
Another advantage is to increase peptide manufacturabilify and stability by 
substituting, for instance, a-aminobutyric acid (B) for cysteine (Sette, 
Persistent Viral Infections, review). 

[0363] Sarobe (1998), Vieiboom (1998) and Irvine (1999) demonstrated that 

A2-restricted, anchor- analoged epitopes derived firom TAA and infectious 
disease antigens showed improved immunogenicity in mice. Other 
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investigators have demonstrated (Rosenberg, 1998; Zaremba, 1997) that when 
analogs with binding better than the corresponding wildtype peptide were used 
to stimulate cells from cancer patimts in vitro, a peptide-specific CTL 
response was detected after far fewer restimulations dan were required with 
the wildtype peptide (Rosenberg, 1998; Zaremba, 1997). Most importantly, 
tumor killing was also observed Based on ttiese results, a much stronger CTL 
response would be anticipated in vivo. Additionally, in a clinical trial, 
Rosenberg et al (1998) have observed tumor regression with a melanoma 
analog in conjunction with JL2 therapy, demonstrating the value of analog 
peptides as immunotherapeutics. Similar results were obtained with fixed 
anchor analogs and PBMCs from normal donors (data not shown). Those 
results clearly demonstrated that these peptides are strong immunogens 
capable of generating wildtype peptide and tumor cell reactive CTLs. 

[0364] There has been little information in the literature describing TAA- 

derived q>itopes for the non-A2 alleles (A3, B7, Al and A24). Our strategy is 
to identify novel peptide epitopes that demonstrate high HLA-A*03, -B*07, - 
A*01 or -A*24 binding afiHnity and siqpertype binding where applicable in 
order to elicit a strong CTL response. Kawashima (1998); Castelli (1998), 
Kittlesen (1998), Tahara (1999) and others have demonstrated CTL responses 
to tumor epitopes in normal donors or cancer patients, which would indicate 
tiiat tolerance is incomplete. It appears that immune tolerance at the CTL 
level does not completely eliminate or inactivate CTL precursors enable of 
recognizing high afiBnity class I peptides. 

[0365] Here we report the identification of HLA-A3, -Al, -A24 and -B7- 

restricted vaccine candidate peptides &om the CEA, MAGE2/3, HER2/neu 
and p53 tumor antigens. Candidates selected for in vitro immunogenicity 
assays on the basis of their HLA afiBnity and supertype cross-reactivity were 
also demonstrated to be immunogenic and capable of inducing CTL that 
recognize tumor target cells. 
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MATERIALS AND METHODS 

MHC Sources 

[0366] The following EBV-transfonned cell lines were used as sources of 

. class I major histocompatibility con]5)lex molecules: Steinlin (A*0101), AMAI 
(B*5301), GM3107 (A*0301, B*0702), BVR (A*1101), SPACH (A*3101), 
LWAGS (A*3301), KAS116 (B*51), and KT3 (A*2402, B*5401). A CIR 
transfectant was used for the isolation of A*6801, as well as for B*3501. 
These CIR transfectants were characterized by Dr. Walter Stoifcus and Dr. 
Masafumi Takaguchi, respectively. . 

[0367] Cells were maintained in ^ntro by culture in RPMI 1640 medium 

supplemented with 2mM L-glutamine and 10% heat-inactivated PCS. Cells 
were also supplemented with lOOjig/ml of streptomycin [Irvine Scientific, 
Santa Ana, CA] and lOOU/ml of penicillin [Life Technologies, Carlsbad, CA]. 
Large quantities of cells were grown in spinner cultures. 

AfiSnity purification of HLA-A and -B molecules. 

[0368] Cells were lysed at a concentration of 10* cells/ml in PBS containing 

1% NP-40 and ImM PMSF. The lysates were cleared of debris and nuclei by 
centifiigation at 10,000x g for 20min. 

[0369] MHC molecules were then purified by afiBnity chromatography as 

previously described (Sette, 1998; Ruppert, 1993). Colmnns of inactivated 
Sepharose CL4B and Protein A Sepharose were used as pre-columns. Lysates 
were filtered through 0.8 and 0.4nM filters and then depleted of HLA-B and 
HLA-C molecules by repeated passage over Protein A Sepharose beads 
conjugated with the anti-HLA (B,C) antibody Bl.23.2. TypicaUy 2 to 4 
passages were required for effective depletion. Subsequently, the anti-HLA 
(A3,C) antibody W6/32 was used to cajpture HLA-A molecules. 

[0370] Independently, both antibody columns were washed with 15-colunm 

ynliiniftg nf lOmM TRTS in L0% NP-40> PBS and 27Cphmmj^lmne^ 
containing 0.4% n-octylglucoside. Finally, the class I molecules were eluted 



129 



wo 2004/052917 



PCT/US2003/038949 



with SOmM diethylamine in 0.15M NaCl containing 0.4% n-octylglucoside. 
pH 11.5. A 1/25 volume of 2.0M Tris. pH 6.8. was added to the eluate to 
reduce the pH to -8.0. and flien concentrated by centrifiigation in Centriprep 
30 concentrators (Amicon. Beverly. MA) at 2000rpm. Protein purity. 
cx)ncentration, and effectiveness of depletion steps were monitor^ by SDS- 
PAGB and BCA protein analysis (Sigma). 

Clasis I peptide-binding assays. 

[0371J Purified human class I molecules [5 to 500nM] were incubated with 1- 

IQdM ^^-radiolabeled probe peptide, iodinated by the Chloramine T method 
(Buus, 1987). for 481i at room temperature in the presence of 1 ^M human 
P2M (Scripps Laboratories. San Diego. CA) and a cocktail of protease 
inhibitors. Hie final concentrations of protease inhibitors were: ImM PMSF, 
1.3nM 1.10 phenanthroline, 73nM pepstatin A, 8mM EDTA, and 200nM N 
alpha-tosyl-lysine chloromethyl ketone (TLCK). 
[0372] Class I peptide complexes were separated from free peptide by gel 

filtration on TSK200 columns, and the fraction of bound peptide calculated as 
previously described (Sette. 1 998). In preliminary experiments, the HLA class 
I preparation was titered in the presence of fixed amounts of radiolabeled 
peptides to determine the concentration of class I molecules necessary to bind 
10-20O/O of the total radioactivity. All subsequent inhibition and direct binding 
assays were then performed using these class I concentrations. In the 
inhibition assays. pq,tide inhibitors were typically tested at concentrations 
ranging from 120ng/ml to 1.2ng/ml. The data were then plotted and the dose 
yielding 50% inhibition was measured. Pqrtides were tested in two to four 
completely independent experiments. Since under these conditions 
[label]<[MHC] and IC50 ^C]. the measured ICsoS are reasonable 
approximations of the true values. 
[0373] Radiolabeled probe and standard control peptides used are as foUows: 

[0374] An A3 non-natural consensus peptide (ABcon; sequence 

-.I»EP¥ALB^).-(SEQ-ID NO: 747)XSeffe 19P4bTKub5; i994rwaJ-ui^-^ " 
the radiolabeled probe for the A3. All. A31. and A*6801 assays. An HBV 
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14LY7 analog of HBVc 14M51 (sequence STLPETYWRR) (SEQ ID NO: 
748) was used as the radiolabeled probe for the A*3301 assay. The average 
ICso's of A3con for the A3, All, A31, and A*6801 assays were llnM, 
e.QnM, 18nM, and S.QnM, respectively. The average IC50 of flie HBVc 141- 
151 peptide in the A*3301 assay was 29nM. 

[03751 B35con2 (sequence FPFKYAAAF) (SEQ ID NO: 749) was used as the 

radiolabeled probe and standard control peptide for the B*3501, B*5101, 
B*5301, and B*5401 assays. The ICso's of B35con2 for each of these assays 
were 7.2nM, 5.5nM, 9.3nM, and lOnM, respectively. The A*0201 Signal 
Sequence 5-13a.Y7 (APRTLVYLL) (SEQ ID NO: 750) (Huczko, 1993; Chen, 
1994; Sidney, 1996a,b) was iised as the radiolabeled probe and standard 
peptide for B*0702 assay. It had an average IC50 of 5.5nM. 

[0376] The human J chain peptide (sequence YTAWPLVY) (SEQ ID NO: 

751) was used as the radiolabeled probe for the Al assay, utilizing an Alcon 
peptide (sequence YLEPAIAKY) (SEQ JD NO: 752) as the standard control. 
It had an average IC50 of 25nM. The A24con peptide (sequence 
AYIDNYNKF) (SEQ ID NO: 753) was used as the radiolabeled probe and 
standard control peptide for the A24 assay, having an aiverage IC50 of 12nM. 



Peptide Synthesis. 

[0377] Peptides were either synthesized at Epimmune, Inc. (San Diego, CA), 

as previously described (Sette, 1998), or, for large epitope libraries, purchased 
as crude material from Chiron Technologies Corp (Clayton, Victoria, 
Australia). Peptides synthesized at Epimmune were purified to >9S% 
homogeneity by reverse-phase HPLC. The purity of these synthetic peptides 
was determined on an analytical reverse-phase column and their composition 
ascertained by amino acid analysis and/or mass spectrometry analysis. 

Identification of motif-positive peptides^ 
HLA-A3 sttpertvpe 

-[037*8] Proteia-sequmces-from- the-togeted-four -tumor antigens ^53, -CEA^ — 

HER2/neu, and MAGE2/3) were scanned, utilizing a customized program, to 
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identify 8-, 9-, 10-, and 11-mer sequences containing flie HLA-A3 supertype 
main anchor motif. That motif is leucine (L), isoleucine (I), valine (V), 
methionine (M), alanine (A), serine (S) or threonine (T) at position 2, and 
either lysine (K) or argimne (R) at the C-terminus. 
[0379] NaturaUy-occuning, or wild-type (WT) peptides identified as 

described above were tested for flieir edacity to bind purified HLA-A*0301 
and A*1101 molecules in vitro. Peptides exhibiting high (IC50 <50nM) or 
intermediate binding afSnity (IC50 Sl-SOOnM) for either one or both of these 
primary A3 supertype alleles were then tested on other predominant molecules 
of the A3 supertype family (A*3101, A*3301, and A*6801) (Sidney, 1996a). 
Peptides binding at least three of the five alleles tested were classified as 
"crossbinders", and candidates for cellular screenmg analysis. The rationale 
for having co-primary alleles for the A3 supertype is based on similar peptide 
motifs as well as the dichotomy of these alleles' population coverage. A*0301 
has the highest phenptypic firequencies for Caucasians and North American 
blacks, and A*l 101 has the best coverage for Asians. 

HLA-B7 supertype 

[0380] The targeted TAA sequences were scanned to identify 8-, 9-, 10-, and 

U-mer sequences containmg proline (P) at position 2, and L, I, V, M, A, 
phenylalanine (F), tryptophan (W), or tyrosme (Y) at the C-tennmus (HLA-B7 
supertype motif). 

[0381] These peptides were tested for their opacify to bmd purified HLA- 

B*0702 molecules in vitro. Peptides exhibiting high or intermediate binding 
afiBnity were then tested on other predominant molecules of the B7 si5)ertype 
femily (B*3501, B*5101, B*5301, and B*5401) (Sidney, 1995). Peptides that 
are B7 supertype crossbinders were candidates for cellular screening analysis. 

HLA-Al and m.A-Ald niArifc 

IQ3S2J For^4.sequences,-peptides.^ai^^g-¥in^-W,-orM 

F, I, L, or W at the C terminus were identified as motif positive. The Al motif 
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is somewhat unique in that it possesses a dual primary anchor motif; one at 
position 2 and the C terminus, another at position 3 and the C terminus (Kubo, 
1994; Kondo, 1997). The residues associated with the Al motif are T, S, or M 
at position 2, aspartic acid (D), glutamic acid (E), A, or S at position 3, and Y 
at the C terminus. 

[0383] Peptides were tested for their capacity to bind the appropriate purified 

HLA-Al and A24 motif carrying molecule in vitro. 

Definition of distinct binding regions 

[03841 When a protein sequence is scanned for the presence of motif-positive 

peptides, it is not uncommon for several peptides to be identified within a few 
residues of each other. Often times, a 9-mer peptide is nested within a 10- or 
11-mer sequence. It is possible that some overlap exists amongst responses 
elicited by such nested or overlapping epitopes, and we thereby consider such 
epitopes as closely related. For vaccine development, we generally 
recommend inclusion of only one epitope firom each such family of 
overl^ping peptides. On the other hand, we define distinct regions as 
peptides having a first position at least 4 residues apart. It is safe to assume 
that upon binding to the MHC, these peptides would induce responses &am 
' different T cell receptors (TCR), and should therefore be considered as distinct 
for the purpose of epitope selection. 

Primary anchor position residue substitution strategy. 

[0385] It has been shown that class I peptide ligands can be modified to 

increase tiieir binding afBnity and/or degeneracy (Sidney, 1996b; Rosenberg, 
1998). More importantly, modified peptides have also been shown to possess 
iuCTeased inmiunogenicity and crossreactive recognition by T cells specific for 
the WT epitope (Paikhurst, 1996; Pogue, 1995). This modification, sometimes 
referred to as "fixing", entails analoging peptides by replacing sub-optimal 
_..amino.acids.at4)rimaiy. anchoppositions-for-optto 
are optimal is dependent upon the allele under examination. This strategy was 
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successfully employed in the A2 system as part of an eflfort to develop an A2 
therapautic cancer vaccine (data not shown). 

[0386] For the various siq)ertypes and alleles addressed in this study, motife 

are listed in Table 2. HLA binding data &om peptides selected using these 
motifs was analyzed to develop a strategy for analoging TAA-derived peptides 
with suboptimal anchor residues at anchor positions. 

[03871 For the A3 supertype, residues L, I, M, A, or S are suboptimal at 

position 2 and can be substituted with T or V. At the C terminus, both R and K 
are canonical residues, each displaying a propensity towards specific alleles 
within the A3 supertype with lysine preferred by A*0301 and A*1101, 
arginine is preferred by A*3101,A*3301, and A*680L 

[0388] For the B7 supertype, proline is absolutely required at position 2 and 

therefore only the C tenninus is a candidate for analoging in terms of primary 
anchors. Residues L, M, A, V, F, W, or Y are suboptimal, and can be 
substituted with 1. Additionally, we have observed that the presence of a bulky 
aromatic, specifically phenylalanine (F), at position 1 of a B7 supermotif 
peptide can significantly inorease B7 binding and crossbinding capacity (Table 
15). 

[0389] For the A24 moti^ residues F, W, or M at position 2 are suboptimal 

and should be substituted with Y. At the C terminus, I, L, or W are subopthnal 
and should be substituted with F. 

[0390] The Al allele is associated witihi a dual primary anchor motif (or 2 

submotife). For one submotit T is preferred over S and M at position 2. The 
second submotif prefers D over E, A, and S at position 3. Additionally, Y is 
the optimal residue at the C terminus for both submotifs, but substituting for 
A, F, or W if both T2 and D3 are present is a viable alternative. 

[0391] In addition, WT peptide candidates for analoging must exhibit at least 

weak binding (IC50 of <500()nM) to the parent allele (Al or A24), or weakly 

- - bind at . least 3 of 5 alleles (A3 and B7 supertypes); The rationale for this 
requirement is that the WT peptide must be present endogenously in sufficient 
quantity to be biologically relevant. 

[0392] Another analog utilized in these studies, unrelated to the primary 

anchor position, involves the substitution of a-amino butyric acid (B) for 
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cysteine (C). Due to its chemical nature, cysteine has the propensity to form 
disulfide bridges and sufficiently alter the peptide structurally so as to reduce 
binding capacity. Substituting B for C not only alleviates this problem, but has 
been sho^ to actually improve binding and crossbinding capability in certain 
instances (Review: Sette, Persistent Viral Infections, Ed R. Ahmed and 1. 
Chen, John Wiley & Sons, England). 

Target Cell lines for HLA-A3 and -B7 Cellular Screening 

[0393] The Epstein-Barr transformed homozygous cell lines EHM (A3+, 

ASHI cell repository, currently inactive) or GM3107 (A3H-, B7+; Human 
Genetic Mutant Repository) were used as the peptide-loaded target to measure 
activity of HLA-A3-restricted CTL. The JY cell line (B7+, a gift from L. 
Sherman at The Scripps Research Institute) was used as the peptide-loaded 
target cells to measure activity of HLA-B7-restricted CTL. The negative and 
positive tumor target cell hnes used for each antigen were: SW480 (A3-, 
CEA+) (ATCC No. CCL-228) and SW403 (A3+, CEA+) (ATCC No. CCL- 
.230) for CEA; SW480 (A3-, HER2/neu+) and SW403 (A3+, HER2/neu+) for 
HER2/neu; 938mel (A3-, MAGE2/3+) and 624mel (A3+, MAGE2/3+) for 
MAGE2/3; and SW403 (A3+, p53.) and SW403 transfected with p53 (A3+, 
p53+) for p53. The HLA-typed melanoma cell lines (624mel and 938mel) 
were a generous gift from Y. Kawakami and S. Rosenberg, National Cancer 
Institute, Bethesda, MD. The tumor cell lines, SW403 and SW480 were 
obtained from the American Type Culture Collection (Manassas, VA). The 
EBV transformed and melanoma cell lines were grown in RPMI-1640 medium 
supplemented with antibiotics, sodium pyruvate, nonessential amino acids and 
10% (v/v) heat inactivated FCS. SW403 and SW480 were grown in DMEM 
with the same additives. The tumor target cells were treated with lOOU/ml 
IFNy (Genzyme) for-48 hours at 37^C prior to use as targets in the ^^Gr release- 
and in situ IFNy assays. 
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Primary CTL Induction Cultures 

I0394J Generation of dendritic cells (DC): Monocytes were purified j&om 

previously jfrozen PBMCs by plating 10 X 10^ ceUs in 3 ml of complete 
medium (RPMI with 5% heat-inactivated human AB serum, penicillin, 
streptomycin, sodium pyruvate and non-essential amino acids) in each well of 
a 6-wen plate. After 2 hrs at 37°C, the non-adherent cells were removed and 
ttiree ml of complete medium containing 50 ng/ml of human rGM-CSF and 
l,OOOU/ml of human rIL-4 were then added to each well. On day 6, the non- 
adherent cells were harvested, washed and cultured at 0.3-0.5x10^ cells/ml in 
complete medium with 75ng/ml TNFa (R&D Systems)! 
[03951 On day 8, the DC were collected, washed, and pulsed with 40^g/ml of 

peptide at a cell concentration of l-2xl0Vml in the presence of 3jig/ml 
Pamicroglobulin for 4 hours at 20^C. The DC were then irradiated (4,200 
rads), washed 1 time with medium and counted again. 
[0396] Induction of CTL with DC and Peptide: CD8+ T-cells were isolated by 

positive selection with Dynal immunomagnetic beads and detachabead reagent 
according to the manufacturer's instructions. Typically 200-250x10^ PBMC 
were processed to obtain 24x10^ CD8+ T cells (enough for a 48-well plate). 
0.25ml of CD8+ T- ceUs (@ 2x10^ cell/ml) were co-cultured with 
[0397] 0.25 ml cytokine-generated DC (@lxlO^ cells/ml) in each well of a 

48-well plate in the presence of 10 ng/ml human rIL-7 (Bndogen). Human 
rILlO (Endogen) was added the next day at a final concentration of 10 ng/ml 
and human rIL2 was added on day 2 at lOIU/ml. 
[0398] Restimulation of the induction cultures with peptide-pulsed adherent 

cells: Seven and fourteen days after the primary induction, the cells were 
restimulated with irradiated, peptide-pulsed adherent cells. Briefly, adherent 
cells were pulsed with lOjxg/ml of peptide in the presence of 3|ng/ml 
_ pamicroglobulin in KPMl/5% human AB serum, for 2 hours at 37°C. The 
wells were washed once with RPMI. Most of the medium was aspirated from 
the induction cultures (CD8+ cells) and brought to 0.5 ml with fresh medium 
and the cells were transferred to the weUs containing the peptide-pulsed 
adherent cells. Human rILlO was added at a final concentration of 10 ng/ml 24 
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hours later and human rn.2 was added after 48 hours and again 2-3 days later 
at 50IU/ml (Tsai, 1998). Seven days after the second restunulation, the 
cultures were assayed for CTL activity in a ^^Cr release assay or in situ IFNy 
ELISA. 

Measurement of CTL lytic activity by Cr release 

[0399] Cytotoxicity was determined in a standard ^^Cr release assay by 

assaying individual wells at a single E:T ratio. Peptide-pulsed targets were 
prepared by incubating the cells with 10|ig/ml peptide overnight at 37*'C. 
Adherent target cells were removed from culture flasks with trypsin-EDTA. 
.Target cells were labeled with 200|j,Ci of ^^Cr sodium chromate (Dupont, 
Wilmington, DE) for 1 hour at 37°C, washed twice, resuspended at 10^ per ml 
and diluted 1:10 with K562 cells (an NK- sensitive erythroblastoma cell line 
used to reduce non-specific lysis) at a concentration of 3.3xl0Vml. Target 
cells (100 ^1) and 100^1 of effectors w^e plated in 96 well round-bottom 
plates and incubated for S hours at 37''C. 100 ^1 of supernatant were collected 
from each well and percent lysis was determine according to the formula: 
[(cpm of the test sample - cpm of the spontaneous ^^Cr release sample)/(qpm 
of tiie maximal ^^Cr release sample - cpm of the spontaneous ^*Cr release 
sample)] x 100. Maximum and spontaneous release was determined by 
incubating the labeled targets with 1% Triton X-100 and medium alone, 
respectively. A positive culture was dejSned as one in which the specific lysis 
(sample - background) was 10% or higher in die case of individual wells and 
was 15% or more at the 2 highest E:T ratios when expanded cultures were 
assayed. 

In situ Measurement of Human IFNy Production 

[0400] In brief, Costar EIA plates were coated with mouse anti-human IFNy 

monoclonal antibody (Phaimingen) overnight at 4^C. The plates were washed 
~"ana""Wocked- fof~2"fioui^,~aftCT wMcHTfi^ Targets" 
(100|il/well) were added to each well, leaving empty wells for the standards 
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and blanks (which received medium only). For expanded cultures, 1x10^ 
CTL/well were mixed with 1x10^ targets (neg. control) or peptide-pulsed or 
endogenous targets. All wells were brought to 200|il with medium and 
incubated for 48 hours at 37*^0 with 5% CQz- 
[0401] Human rIFNy (R&D Systems) was added to the standard wells starting 

at 400 pg/lOOul/well and the plate iacubated for 2 hours at ST'C. The plates 
were washed and lOOjil biotinylated mouse anti-human IFNy monoclonal 
antibody (Phanningen) were added to each well and the plates incubated for 2 
hours at room temp. After washing again, lOOjiil/well HRP-streptavidin 
(Zymed) were added and incubated for 1 hour at room temp. The plates were 
then washed 6x with wash buffer, 100^ll/well TMB developing solution (KPL, 
mixed 1:1) was added and the plates allowed to develop for 5-15 min. The 
reaction was stopped with 50 ^.I/well IM H3PO4 and read at OD450. A culture 
was considered positive if it measured at least 50 pg of IFNy/well above 
background and was at least twice the backgroimd level of expression. 

CTL Expansion 

[0402] Those cultures that demonstrated activity against peptide-pulsed 

targets and/or tumor targets were expanded over a two week period with anti- 
CD3 antibodies (Wang, 1998; Greenberg, 1991). Briefly, 5x10^^ CD8+ cells 
were added to a T25 flask containing the following: 1x10^ irradiated (4,200 
rad) PBMC (autologous or allogeneic) per ml, 2x10^ irradiated (8,000 rad) 
EBV-transformed cells per ml, and 0KT3 at 30 ng per ml in RPMI-1640 
containing 10% (v/v) human AB serum, non-essential AA, sodium pyruvate, 
25ijM 2-ME, L-glutamine and penicillin/streptomycin. Human rIL2 was 
added 24 hours later at a final concentration of 200IU/ml and every 3-4 days 
thereafter with fresh medium at 50 lU/ml. The cells were spUt if the 
concentration exceeded IxloVml and the cultures assayed between days 13 
and 15. 

[0403] Altematively, cultures were expanded by stimulation with peptide- 

pulsed autologous PBMCs in the absence of 0KT3. All other conditions and 
cell numbers r^ained the same as those described above. 
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RESULTS: 

ScaDning for motif-positive peptides 

[0404] As described in the Materials and Methods section, protein sequences 

■ from the four tumor antigai targets (p53, CEA, Her2/neu, and MAGE2/3) 
were scanned, utilizing a customized program, for 8-, 9-, 10-, and 11-mer 
sequences containing one of four motif types. Specifically, peptides carrying 
motife of the HLA-A3 supertype, the HLA-B7 supertype, the HLA-A24 motif, 
and the HLA-Al motif were identified. The specific residues associated witti 
each of these motife or siq)ennoti£s are listed m the Materials and Methods • 
section. For the HER2/neu antigen, only the intracellular domain was 
. examined. 

[0405] A number of naturally occurring, or wildtype (WT) peptides identified 

utilizing tiiese motife are listed in Tables 6, 9, 10, 16a-d, 17a-d, 18a-d and 19a- 
d. Also presented is the number of analogs that could be synthesized. In 
general, WT peptides carrying suboptimal residues at primary anchor positions 
can be substituted with optimal residues, employing the analog strategies 
described in the Materials and Methods section. To be considered a candidate 
for anialoging, a TAA-derived WT peptide must carry one preferred residue at 
either position 2 or the C terminus. In previous work in the A2 system, 
analogs tested for immunogenicity which had residues substituted at both 
anchor positions were able to induce peptide-specific CTLs in vitro. 
However, those CTLs were able to recognize tumor cell targets only 40% of 
the time as compared to 75% for analogs with a single anchor position 
substitution, and therefore were not pursued in the A3, B7, Al and A24 
systems. For the B7 supermotif-positive peptides, another analog strategy was 
discovered from previous unrelated studies that substituting the position 1 
residue with phenylalanine (F) greatly improved B7 crossbinding capability. 
These analogy are also included in Table 15 and Table 17a-y. However, these 
Fl analogs will not be considered as candidates until this strategy has been 
valid ated. That is, induction of tumor -reactive CTLs must be d^pnstrated_ 
with these analogs. 
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[04061 Additionally, Table 15 presents, for each TAA, the number of WT 
peptides and analogs actually synthesized and tested for supertype or primary 
allele binding afBnity. As seen, the vast majority of WT peptides have been 
tested for binding afBnity. The synthesis and testing of analogs, however, are 
in various stages of completion dependent upon the TAA. Recall that for an 
analog to be a candidate for inamunogenicity screening, its WT parent peptide 
must bind at least weakly, ie. IC50 <5000 nM, to 3 of 5 alleles in the supertype, 
or to the parent allele in the cases of Al and A24. The numbers presented in 
the analog, motif-positive colunms are based solely on analoging potential, or 
the presence of suboptimal residues at anchor positions, and not on measured 
binding. For this reason, many of the analogs listed would not ultimately be 
synthesized. 

[0407] To date, 695 CEA-derived motif positive peptides have been identified 

and 358 of these tested for supertype or primary binding. These include 64 A3 
binding wildtype and analog peptides, 171 B7 peptides, 65 Al peptides and 28 
A24 peptides. Analysis of the intracellular domain of ttie HER2/neu protein 
...identified 822 motif positive peptides. Of these, 364 (64 A3, 213 B7, 81 Al 
and 47 A24) have been tested to determine their binding afBnities. The 
MAGE2 and MAGE3 proteins were considered together and a total of 611 
motif positive peptides were identified. A subset of these, including 80 A3 
wildtype and analog pq)tides, 146 B7 peptides, 40 Al peptides and 54 A24 
peptides were tested for primary and/or supertype binding. Lastly, 566 motif 
positive, p53-derived peptides have been identified. The wildtype and analog 
peptides tested to determine their binding afiBnity included 102 A3-restricted 
peptides, 165 B7-restricted peptides, 19 Al-rcstricted peptides and 14 A24- 
restricted peptides. The results of the binding assays on these motif positive 
peptides and the subsequent identification of epitopes is the subject of this 
report. 



Analysis of HLA-A3 vaccine candidates 

[0408] CEA; A total of 64 CEA-derived peptides were tested for bindmg to 

A3 supertype molecules to date. Fourteen CEA-derived peptides fix>m 8 
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distinct regions of the protein sequence have been identified. These fourteen 
peptides have a binding afiBnity of ^OQnM to A*0301 and/or A*1101, the 
two most predominant alleles, and also crossbind to a total of at least 3 alleles 
of the A3 superfamily (Table 16a). 

[0409] All fourteen bind HLA-A*1101 with high or intermediate afiBnity. 

Noteworthy is the case of the CEA.61 epitope that binds with high afiBnity 
(<50nM) to all five alleles, is immunogenic and is generated by natural 
processing. High A*1101 bmding afiBnity has also been observed m 5 WT 
peptides of the remaining six regions: CEA.376, CEA.418, CEA.419, 
CEA.554 and CEA.636, Three of these, CEA,419, CEA.554 and CEA636, 
bind to an additional three alleles and are also good candidate peptides. 

[0410] Five of the seven regions exhibited suboptimal A*0301 binding for all 

of the WT peptides encompassed. Peptides 6om three of these regions were 
analoged in an attempt to improve A3 binding and overall crossbinding 
edacity. The CEA.241K10 analog displayed a 26-fold improvement in A3 
binding. This analog was demonstrated to be immunogenic in in vitro 
immunogenicity assays, and the resulting CTLs were shown to be cross- 
reactive with target cells pulsed with tiie wildtype peptide (Figure 1). A 
second analog within the same region, CEA.241V2, was associated with 
improved binding to A*0301 and A*1101, and bound 4 of 5 superfamily 
alleles. Therefore, this peptide is also a strong candidate. Significant 
increases were observed with CEA.420V2, which exhibited the most suitable 
bmding profile of any peptide derived fi-om that region, which included 3 
different wild-type sequences. Lastly, CEA.376V2 and CEA.554V2 showed 
no improvement in binding capacity over their wildtype counterparts. 

[0411] In conclusion, within the eight distinct regions of CEA identified to 

harbor motif positive peptide candidates, multiple peptides have been 
identified which bind each of the five supertype alleles. Two peptides bind all 
five alleles and another six bind four of the five: A vaccine could be designed 
with one peptide from each region, which would include at least 4 peptides 
specific for each allele of the A3 superfamily. 

[0412] HER2/neu : When motif analysis was performed on the intracellular 

and transmembrane domains of the 1255 amino acid HER2/neu protein 
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sequence aad binding affinity of the motif positive peptides detennined, 
candidate peptides from 11 different regions wore identified (Table 16b). A 
total of sixteen wild-type peptides and analogs demonstrated binding affinities 
of <500nM to at least 3 alleles in the A3 snperfamily. Eleven of these bound 
HLA-A*0301 and fifteen bound A*1101, and 10 peptides had a binding 
affinity of ^500nM for both alleles. The HER2/neu.681 epitope was also 
considered here because primary CTL data indicates that this peptide was 
immunogenic and has been shown to induce tmnor-reactive CTLs. Three 
additional peptides, HER2/neu.754 (ECawashima, 1999), HER2/neu.669 (9- 
mer), and HER2/neu.852 (Kawashima, 1999), bind with an affinity <500nM to 
S:4 alleles and are immunogenic. Five additional WT peptides (HER2/neu.806, 
HER2/neu.846, HER2/neu.889, HER2/neu,972 and HER2/neu.997) also 
demonstrated high and intermediate binding to >3 alleles and therefore are 
candidate peptides. 

[0413] Of the six analog pq)tides tested, 2 showed improvement as compared 

to their wildtype peptide counterparts. More specifically, HER2/neu.860V2 
improved binding affinity to A*6801, while HER2/neu.889V2 exhibited 
improved binding to HLA-A*0301 and A*6801 . 

[0414] For each of . the five supertype alleles, multiple peptides have been 

identified which bound with affinities of 500nM or less. Two peptides bind all 
five alleles and six additional candidates bind 4 alleles. In total, six of the ten 
regions have peptides that bind > 4 of 5 alleles representing a substantial pool 
of A3 supertype peptides that could be considered for use in a vaccine. 

[0415] MAGE2/3; Motif analysis of the MAGE 2/3 protein sequences (each 

3 14 amino acids long) identified 22 peptides from 9 distinct regions which are 
high or intemiediate cross-reactive binders of the A3 superfamily (Table 16c). 
More specifically, sixteen of these bind both A*0301 and A*1101. 
MAGE2.73 binds 5 alleles and induced CTL capable of recognizing both 
peptide-pulsed and tumor targets (Epimmune U.S. Patent No. 6,037,135). 
MAGE2.237, MAGE2.277 and MAGE3.189 bind to 3 of the 5 alleles. 

Intei:estingLy,»Reynolds ^d-co»woi;kers-(Reynolds air J. Immunol Methods — 

244:59-67 (2000) have demonstrated in an ELISPOT assay fliat MAGE3.189 
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is antigenic (eg. when melanoma patients were given a vaccine comprised of 
supematant from a melanoma cell line, CTLs could be isolated that recognized 
MAGE3.189-pulsed target cells). 

[0416] It can also be noted that the MAGE2.226 and MAGE3.226 peptides 

are homologous except for a M to V difference at position 2. Since the main 
MHC anchor residues are least likely to influence T cell receptor recognition 
(Zhang, 1992), these peptides are likely to induce overlapping T ceU 
specificity and therefore could be considered variations of the same epitopic 
sequence. Of the two, MAGES .226 is preferred at this point because it binds 2 
of the 5 alleles with higher affinity. In particular, this epitope binds HLA- 
A*3301 more tiian 10-fold better tiian the K9 analog, which binds all 5 alleles 
but with significantiy lower A*3301 a£Bnity. 

[0417] Additional analogs were generated with improved binding 

characteristics. Specifically, MAGE2.69K9 showed improved cross-reactivity 
in regard to A*0301, A*1101 and A*6801 bmding. MAGE2.299V2 
demonstrated improved A*0301 binding and introducing V at position 2 m 
MAGE3.138 significantly improved the A*0301, A*1101 and A*6801 
binding affinities. Substituting K or R at position 9 of the MAGES. 116 
peptide improved crossreactivity to 3 and 5 alleles, respectively. 

[0418] For each of tiie five supertype alleles, multiple peptides have been 

identified which bound with affinities of SOOnM or less. Three peptides bound 
all five alleles, one candidate bound 4 alleles and an additional six pq)tides 
bound 3 alleles. In total, all nine regions have peptides that bound >3 of 5 
alleles. 

[0419] p53 : A total of 17 high and intermediate affinity cross-reactive motif 

positive peptides, 7 wildtype and 10 analogs, were identified as a result of 
scajoning the 393 amino acid p53 protein sequence (Table 16d). These 
peptides are derived &om 8 different regions of the protein. All seventeen bind 
• • A*0301 and 16/17 bind A* IWl:- Several of the wildtype peptides are 
potential candidate peptides. The p53. 124 peptide binds 3 alleles and provides 
coverage of A*680L The 8-mcT of p53.273binds 4 outof 5 alleles, iiicluding 
A*3101 and A*3301. p53.132 and p53.376 bind 3 alleles each but bind only 
A*0301 andA*1101 witii high affinity . 
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[0420] The p53. 101, p53.172 and two p53.240 peptides could also represent 

candidates fair inclusion in an epitope based vaccine, depending on siqiertype 
binding results. 

104211 Six of the eight regions described have had WT peptides analoged. 

Two of these analogs, p53.172BSK10 and p53.240B3K9, demonstrated 
improved binding to one of the two primary alleles (A*0301 or A*1101). 
AdditionaUy, the p53.172B5K10 epitope bound 3 alleles of the A3 
superfemily, is immunogenic and able to induce CTLs that recognize both the 
wildtype sequence and p53 transfected tumor targets (Figure 2). The 
p53.240V2B3 is also a good candidate for inclusion in a multi-epitope vaccine 
based on the binding afBnities observed, pending WT supertype binding 
results. 

(04221 With regard to results generated for the other analogs, p53.156R9 

showed improved binding to A*3301, an aUele for which few p53-derived 
wildtype peptides bound. FinaUy, the p53.101K10 and p53.101V2 peptides are 
similar with respect to binding afSnity and alleUc coverage but 
immunogenicity has been demonstrated for the KIO analog (data not shown) 
making it a stronger candidate than the V2 analog. 

10423] Supertype oossreactive candidates fiom all ei^t protein regions have 

been identified and all flie candidates described above bind 3 to 4 of the 
si^ertype alleles. Coverage of all five alleles can be achieved by including 
multiple epitopes in a vaccine. 

Analysis of HLA-B7 vaccine candidates 

[0424] HLA-B7 supertype peptides are identified by flieir binding aflBnity for 

B*0702, the primary aUele of the B7 superfamily, and two or more additional 
alleles. The overall number of B7 cross-reactive candidates is hmited 
primarily because poline is tiie only tolerated amino add at primary anchor 
position 2 wiale other supertypes (eg. A2 and A3) tolerate several different 
amino adds at their anchor positions (Sidney, 1995; 1996b). This restriction 
-also limits- the-Tiund)er-of-anaio^ -that cM-^e-g^ated~foF a'pEii^' 
peptide. 
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[0425] Three regions of the CEA protein sequence are represented by 3 

candidate peptides, one wildtype and 2 analogs (with isoleucine substituted at 
the C terminus), which bind B*0702 and 2-3 additional alleles with an af3Bnity 
^SOOnM (Table 17a). 

[0426] Three wildtype pq)tides derived JBrom 3 regions encoded within the 

intracellular domain of HER2/neu have also been identified (Table 17b). 
Substituting I for A at position 8 of the HER2/neu.921 peptide increases the 
binding afiSnities for B*0702 and B*5101 and therefore the analog would be 
considered a preferred candidate of that region. The 4 candidate peptides listed 
in Table 17b bound 3 to 4 alleles of the B7 supertype with an affinity ^50QnM, 

[0427] Motif analysis of the MAGE2 and MAGE3 protein sequences yielded 

a number of candidates from four discrete regions of these antigens which 
bind to ^ alleles of the B7 superfamily with an affinity ^OQnM (Table 17c). 
MAGE2.170 binds to 4 alleles of the siq)erfamily and is capable of inducing 
peptide reactive CTLs in vitro. Three analogs (MAGE3.71I9, MAGE3.77I8 
and MAGE3.196I10) exhibit increased crossreactivily and Class I binding 
aflfinity. 

[0428] Another factor to be considered in the selection of vaccine candidates 

is the potential relevance of using nested peptides. The MAGE3.196 peptides 
can be used to illustrate this point. The 10-mer, while not cross-reactive, has 
high binding aflSnity for B*5401. It also has the advantage of containing the 
8- and 9-mer peptides within its sequence. In theory, the 10-mer would 
undergo trimming in the endoplasmic reticulum to the 8-mer and/or the 9-m&r 
peptide (Paz, 1999), each of which bmds other common alleles in the B7 
superfamily. In addition, Reynolds et al. (submitted 1999), demonstrated 
antigenicity for the 9-mer wildtype pq)tide. 

[0429] Lastly, two p53-derived peptides have been identified, p53.76 and 

p53.84 (Table 17d). The p53.76 11-mer bound 3 alleles with higher affinity 

. than the 9-mer. While the p53.84 "wildfj^e" peptide bound with only 

intermediate affinity, this candidate would be an improved candidate than flie 

.-.J???!^°°^8.^^°J J^»cause of hi^e r bi nding affinities for B*5301 and 
B*540L 
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[0430] In summary, three CEA-derived peptides from 3 distinct regions, 4 

Her2/neu peptides from 3 regions, and 4 p53 peptides from two regions, all 
with binding aflSnities ^OOnM and crossreactive for at least 3 supertype 
alleles, have been identified. An additional 10 MAGE2/3-derived high and 
intermediate affinity peptides from 4 regions were also identified. 

Analysis of HLA-Al vaccine candidates 

[0431] CEA; Six high and intermediate binding CEA wildtype peptides 

from 6 regions of the 702 amino acid protein sequence have been identified 
(Table 18a). Results with other siq)ertype alleles (eg. A2 and A3) indicate that 
peptides with an IC50 :S10QnM for the predominant allele of the superfamily 
also bound with high or intermediate affinity to the other alleles of the 
jsuperfunily. Therefore, until binding assays are developed for the other alleles 
of the Al superfemily, it is reasonable to employ the stricter lOOnM cut-off for 
the identification of HLA-Al-restiicted, potentially degenarate binding 
peptides. Accordingly, four WT peptides are potential candidates based on a 
binding aflBnity of ^lOOnM to A*0101. These are CEA.225, CEA403, 
CEA.581, and CEA.616. 

[0432] CEA.616 and peptides from 4 additional regions were analoged at 

primary anchor positions, for 1 of the 2 submotifs, to improve coverage of this 
allele. The binding cut-off of the wildtype peptides to be analoged was 
SOOOnM to ensure expression of the tumor antigen-derived peptide on the 
tumor cell and the cut-off for the analog candidates was again <100nM. 
Employing these criteria, an additional 5 analog peptides have been idmtified 
as candidates. The CEA.289D3, CEA.418D3, CEA.419D3, CEA.467D3, and 
CEA.616D3 peptides all demonstrate an HLA-A*010i binding aflBnity 
^lOOuM. 

[0433] A total of 4 wildtype and 5 analog peptides derived fix>m 7 distinct 

regions and with binding afiSnities <100nM have been identified as 
-candidates. - 
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[0434] HER2/iieu; The Her2/neu protein sequence was scanned to identify 

HLA-Al motif positive peptides and flie binding ajBSnity of fliose peptides for 
HLA-A*0101 was determined. Wildtype peptides from 6 distinct regions were 
identified and 4 of lliese bind HLA-A*0101 with an aflSnity ^lOOnM (Table 
18b). These are HER2/neiL826, HER2/neu.869, HER2/neu.899, and 
HER2/neu.l213. 

[0435] All of the wildtype peptides were analoged at primary anchor positions 

to improve coverage of this antigen. Eleven analogs, representing a total of 9 
regions, were identified as potential candidates based on a binding aflBnity 
<100nM to HLA-A*0101. Of these, eight demonstrate significantiy improved 
binding affinity. These are HER2/neu,773D3, HER2/neu,826T2, 
HER2/neu.996D3, HER2/neu.997T2, HER2/neu.l014T2, HER2/neu.ll31D3, 
HER2/neu.l213T2, HER2/neu.l239D3. 

[0436] In summary, sixteen wildtype and analog peptides representmg 9 

different protein regions meet the mteria for a vaccine candidate. That is, 
tiiey bound to the primary allele of the Al superfamily, HLA-A*0101 with an 
ajBSnity of lOOnM or less. 

[0437] . MAGE2/3: Five HLA-Al motif positive peptides with binding 
affinities <100nM have been identified and are listed in Table 18c. These five 
wildtype peptides (MAGE3.246, MAGE2.247, MAGE3.68, MAGE3.166, and 
MAGE3.168) are fi:om four non-overlapping regions of the two proteins. 
Additionally, Tuting et al (1998) demonstrated induction of MAGE3.168- 
specific CTLs as well as endogenous recognition of tumor targets expressing 
the epitope. Additionally, in clinical trials, tumor regression was observed iq 
melanoma patients vaccinated with peptide-pulsed DC (Nestle et al, 1998) or 
the peptide alone (Marchand, 1999). 

[0438] Eight wildtype peptides with a binding affinity between 501 and 

SOOOiiM were analoged at primary anchor positions (Table 18c). Ten analogs, 
■ - representative of 8 distinct xegrons, were identified as potential candidates. 
These are MAGE2.68D3, MAGE2.179D3, the T2 analogs of 
M AGE2.246/24 7, MA GE3.68D3, MAGE3.69T2, _MA^3A37I2,_ 
MAGE3.168T2, MAGE3.246D3 and MAGE3.293T2. Taken together, there 
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are 15 peptides derived from 8 distinct regions of the MAGE2 and MAGES 
proteins. 

[0439] P53i Four HLA-Al motif positive wildtype peptides firom 2 non- 

overl2?)ping regions of the proteins were identified (Table 18d), These are 
p53.117, p53.225 (lO-mer), p53.226 (9-mer) and p53.226 (U-mer), all of 
which bound HLA-A*0101 ^lOOnM. These are derived from 2 of the 4 
regions shown in Table 1 8d. 

[0440] Four wildtype peptides with an HLA-A*0101 binding affinity 

<5000nM were analoged at primary anchor positions to improve coverage of 
this antigen (Table 18d). Four analogs, representing four distinct regions, were 
identified as potential candidates with an HLA-A*0101 binding affinity 
^lOQnM. Two of these, the T2 substitution in p53.98 and the D3 substitution 
in p53,196, improved binding affinity more than 24-fold. 

[0441] Binding analysis of the p53 wildtype and analog motif positive 

peptides has led to the identification of 8 candidates fiom four protein regions. 

Analysis of HLA-A24 vaccine candidates 

[0442] CEA; Twenty-one high and intermediate affinity HLA-A24 motif 

positive peptides, corresponding to 16- distinct regions of the CEA protein 
were identified (Table 19a). Only those peptides that bind with an affinity 
^lOOnM were considered to be potential degenerate binders and therefore 
vaccine candidates. Using this criterion, nine CEA wildtype peptides from 9 
non-redundant regions have been identified as potential candidate peptides. In 
addition, Nukaya et al (1999) demonstrated that CEA.268 induced CTLs in 
normal donors that recognized pq)tide-pulsed targets and HLA matched tumor 
targets. Kim et al (1998) obtained the same results with CEA.652. Both of 
these peptides are high affinity (^lOOnM) binders, fiuiher confirming the 
selection of vaccine candidates on f[iel>asis of their binding affinity! 

[0443] Wildtype pq)tides from 10 regions were analoged at primary anchor 

„r^idi|esJp^piS)milcffificaga^ flllekLCEableJL9a)...-TheJ3ind^ cut=ofE_ 
for the wildtype peptides to be analoged was SOOOnM to ensure expression of 
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ihe tumor antigen-derived peptide on the tumor cell and the cut-oflF for the 
analog candidates was again ^lOQnM. Employing these criteria, eight 
additional pq)tides have been identified as candidates. Six of these analogs 
demonstrated binding afOnities similar to their wildtype counterparts, while 2 
analogs significantly improved binding to the HLA-A*2402 allele. These are 
CEA.446F10 and CEA.604F10. 

[0444] Nine wildtype and eight analog peptides from 11 regions have been 

identified, providing an opportunity for wide coverage of this antigen. 

[0445] HER2/nea; Seven wildtype peptides derived from 3 regions of the 

intracellular domain of HER2/neu were identified as HLA-A*2402 binders of 
high or intermediate afOnity (Table 19b). Four of the seven peptides bound 
HLA-A*2402 ^lOOnM. These are HER2/neu.780, HER2/neu.907 and the 9- 
and ll-mers of HER2/neu.951. 

[0446] Five wildtype peptides, with A*2402 binding afiSnities^SOQQnM, were 

analoged at primary anchor positions to improve coverage of both this allele 
and tumor antigen. Four analogs were identified as potential vaccine 
candidates: HER2/neu.780F9, HER2/neu.907F9, HER2/neu.951F9 and 
H]^/neu.968Y2. The HER2/neu.968Y2 analog demonstrated the most 
significant increase (>18-fold) in binding affinity. 

[0447] Eight peptides, 4 WT and 4 analogs, derived from 4 distinct regions of 

the intracellular domain of the HER2/neu protein have been identified as 
potential vaccine candidates. 

[0448] MAGE2/3: Fifteen high and intermediate affinity HLA-A24 motif 

positive peptides, from 11 non-overlapping regions of these proteins, were 
identified (Table 19c). Eight of the 15 bound HLA-A*2402 ^lOOnM and 
represent 7 different regions of these proteins. Additionally, induction of CTLs 
and tumor target recognition were demonstrated for MAGE2.156 (Tahara, 
1999) and MAGE3.195 (Tanaka, 1997). 

[0449] Seven of the wildtype peptides weire analoged at primary anchor 

residues to improve coverage of these antigens (Table 19c). Seven analogs, 
each representing a distinct region, were identified ..as. potential^candidate. . 
peptides, and three of these (MAGE2.97Y2, MAGE2.175F10 and 
MAGE3.175F10) demonstrated significanfly higher binding aflBnity than the 
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corresponding WT peptides. Overall, there are 15 wildtype and analog 
peptides that are derived from a total of 10 regions of the MAGE2 and 
MAGE3 proteins. Additionally, 2 of these peptides have been confirmed to 
induce peptide and tumor reactive CTLs by outside investigators. 

[0450] p53; Five HLA-A24 motif positive peptides fix)m 3 distinct regions 

have been identified (Table 19d). Two of these 5 bind HLA-A*0101 <100nM. 
These are p53.102 (lO-mer) and p53,125. 

[0451] When the 10-mer of p53.102 was analoged at the C-terminus, a 3-fold 

improvement in binding affinity was observed. Analoging of p53.106 did 
increase the binding affinity 5-fold, but not to the imposed threshold of 
<100nM. Overall, there are 3 p53-derived peptides (2 wildtype and 1 analog), 
representing two regions that are potential candidate peptides for a vaccine. 

Binding to the primary HLA-A3 and B7 superfamily alleles is predictive of 
degenerate binding by TAA-derived peptides 

[0452] Extensive analysis of infectious disease peptides demonstrated that a 
binding affinity <100nM to the primary allele of a supertype was highly 
predictive of the degeneracy of a peptide. In other words, a majority of 
peptides meeting this criterion bound at least 2 other alleles of that 
superfamily with an affinity <500nM (Bertoni, 1997; Doolan, 1997; Threlkeld, 
1997). Based on this analysis, it is recommended that the lOOnM binding cut- 
off be used to select HLA-A*0101 and HLA-A*2402 peptide candidates in the 
absence of binding assays for the other supertype alleles. However, a 
significant number of HLA- A3 restricted TAA peptides were identified for the 
studies described here and supertype binding performed. This information 
was analyzed to determine if primary binding of ^lOOnM was predictive of 
supertype crossreactivity in the case of TAA-derived peptides. A total of 23 
wildtype peptides (firom Tables 16a-d) bound HLA-A*0301 or HLA-A*1101 
with an affinity ^lOOnM. Twenty-two of these (96%) bound >3 alleles with 
an aflSnity of ^OQnM. Fifteen of tiie 23 (78%) were cross-reactive when 
-lhe more string-^-em=off o^^^ 
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[04531 AdditionaUy, six peptides were tested for immmiogemcity in 3-4 
donois. When fliis data is taken into account for those peptides that bind at 
^lOOnM to the primary aUele and at ^OOnM to at least 2 additional supertype 
alleles, 6/6 (CEA.241.KIO, CEA.61, CEA.61, HER2/nev.681. HER/nev.754, 
and P53.172.B5KIO) (100%) are immunogenic and 4/6 (CEA.61, 
HER2/nev.681. HER/nev.754, and p53.172.B5KIO) (67%) induce tumor- 
reactive CTLs. These results are similar to those observed with TAA-derived 
HLA-A2-specific peptides. Keogh, et al. J Immunol. 167(2):787-96 (2001). 
10454] The analog peptides were analyzed in the same way. Thirty-nine 

analogs with either HLA-A*0301 or A*1101. binding affinity ^lOOnM were 
identified fiom Tables 4a-d. All 39 (100%) were demctostrated to be cross- 
reactive with at least 2 additional supertype aUeles with an affinity ^SOOnM. 
Applying a binding cut-oflf of 200nM for supertype cross-reactivity, 27/39 
(69%) ofthe analog peptides were degenaate binders. 
I045S] The same analysis was performed with the HLA-B7-restricted peptides 
(derived from Tables 17a-d) although the sample size was much smaller than 
that for A3. Five wildtype peptides and 5 analogs were identified to have 
binding affinities ^lOOnM. All 10 (100%) were also cross-reactive with at 
least 2 other alleles of the B7 superfanuly. When the binding affinity cut-off 
for cross-reactivity was set at 200nM or less, 2 out of 5 (40%) peptides were 
cross-reactive in the case ofboth wildtype and analog peptides. While this is 
lower than the 78% observed for A3, this is hkely to be due to the small 
number of peptides available for analysis. 

Selection of HLA-A3, -B7. -Al and -A24 candidate peptides for 
unmunotberapy 

Criteria for selection of vaccine candidates 

[0456] . Desirable criteria for the .. inclusion of an epitope in an 
immunotherapeutic cancer vaccine are that the epitope bind to three or more 
alleles of a given superfanuly with an affinity ^OOnM and that such an 



epitope induces a specific CTL response recognizing target tumor cells. An 
analysis of Epimmune's accumulated database and the results from primary 
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immunogenicity screening of A2 supertype cancer antigen-derived epitopes in 
particular provided several in^ortant findings. First, a binding affinity of 
^OQnM is highly predictive of immunogenicity. However, peptides that bind 
with affinities of 201-50QnM did not induce tumor-reactive CTLs. 
Additionally, it was demonstrated that when a more strict binding affinity cut- 
off of :S20QnM was applied to wildtype peptides, 76% of the TAA peptides 
induced CTLs that recognize tiie endogenously processed and presented 
epitope, Jn the course of the same set of experiments, analogs which bound 
with an IC50 of 200iM or less, and for which primary immunogenicity 
(recognition of wildtype peptide-pulsed targets) could be demonstrated, were 
studied. These analogs induced CTLs capable of recognizing tumor cell 
targets and/or wildtype peptides in at least 75% of the cases. It was concluded 
fi-om this analysis that binding ajBSnity was highly predictive of 
immunogenicity and that a binding affinity of 200nM was mdicative of a 
peptides ability to induce tumor reactive CTLs. Therefore, utilizing a binding 
cut-oflf of <200nM to select the HLA-A3 and -B7 peptide candidates described 
herein increases the likelihood of identifying epitopes and reduces the number 
of peptides to be screened in vitro. 
[0457] Currently, supertype binding assays are unavailable for A*0101 and 

A*2402. However, work done with HCV and HBV peptides by researchers at 
Epimmune as well as studies performed by Doolan (1997) and Threlked 
(1997) with malaria and HIV-derived peptides, respectively, demonstrated that 
peptides witii a binding affinity ^lOQnM were often degenerate binders. 
Therefore, Al and A24 candidate peptides were selected on the basis of a 
stringent (:<100nM) bindmg aflSnity to the primary allele of the Al and A24 
superfamilies. These selection criteria should ensure that these peptides are 
not only likely to be cross-reactive, but also inmiunogenic. 
[0458] Another factor we wished to consider in the selection of HLA-A3 and - 

- B7-restricted candidates was to allow- for a combination of both wild-type ' 

peptides and analogs. Using a wildtype peptide increases the likelihood that 
the peptide is endogenously processed and presented. However, analogs may 
play an important role, particularly in the case of tumor antigens, because they 
could more easily overcome T cell tolerance and allow generation of a more 
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multi-specific response. Furthennore, it would be predicted that a more 
vigorous CTL response can be induced by analoging at primary anchor 
positions of a peptide to increase binding aflSnity. In the case nfHT.A-.A1 and 
HLA-A24-restricted peptides, wildtype peptides may be relatively preferred 
over analogs until assays are available to determine cross-reactive binding of 
the parent wildtype pq)tide. However, analogs should stiU be considered to 
provide the greatest coverage of each aUele and tumor antigen. 
[04591 To summarize, candidate peptides are selected on the basis of a 

binding afSnity <200nM and crossreactive binding ^ alleles of the HLA-A3 
or -B7 superfamilies, or a binding affinity ^lOOnM for HLA-Al and -A24 and 
prinoiary immunogenicity and/or endogenous recognition for analogs. 

HLA-A3 cross-reactive vaccine candidates 

[0460] Using a binding affinity threshold of 200nM or less for each allele to 

define supertype cross-reactivity and considering in vitro immunogenicity data 
where available, six to eight potential vaccine candidates have been identified 
for each antigen (Table 20). 

[0461] CEA: When multiple peptides firom a single region met the fnim'Tn^ iT n 

criteria, the peptide that bound the greatest numba: of alleles was the preferred 
candidate. CEA.636, CEA656, CEA376, cIeA.554, and CEA.420V2 were 
the most highly cross-reactive of the peptides &om each of those regions. 
Lastly, CEA.61 and CEA241K10 were selected on the basis of their 
demonstrated ability to induce CTLs in vitro that recognize endogenous 
targets (CEA61) or the wildtype peptide (CEA241K10). The V2 analog of 
the CEA.241 peptide is a back-iq) candidate because it meets the Triinmniin 
criteria but immunogenicity has not yet been demonstrated. When considered 
as a group, four to seven of the difiEerrat CEA-derived peptides bind each of 
the alleles of the A3 superfamUy, providmg broad population coverage of this 
antigen. 

[0462] HER2/nen: For HER2/neu, 8 peptide candidates were identified firom 

the"^transmeffibrane of Inlxaca^ of The^roteihT There ~are^^ 

candidates that met the criterion of cross-reactive binding to 3 or more alleles 
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described in the previous section. Five of these are wildtype peptides and one 
is an analog. HER2/neu.669, HER2/neu.852, HER2/neu.860V2, 
HER2/neu,889, HER2/neu.972 and HER2/neiL997 bound to >3 aUeles with an 
afiSnity <200nM and are therefore considered to be vaccine candidates 
representative of 6 distinct protein regions. HER2/neu.669 and HER2/neu.852 
were also capable of inducing a CTL response in normal donors. It should be 
noted that HER2/neu.889 does not meet the binding criteria for either A*0301 
or A* 1101 but is included to increase coverage of A*3101, A*3301 and 
A*6801. Two additional wildtype peptides, HER2/neu.681 and 
HER2/neu.754, that are cross-reactive with 2 alleles and are also included 
because of available data demonstrating not only immunogenicity but also 
tumor target recognition by the CTLs induced (Kawashima, 1999). Three to 
eight of the candidate peptides within this group bound to each of the 5 alleles. 

[0463] MAGE2/3: Six candidate peptides were identified for MAGE2/3 (four 

MAGE2 and two MAGE3), consisting of 3 wildtype and 3 analog pqptides. 
Each allele within the supertype is covered by at least 2 peptides within this 
group. One of them, the MAGE2.73 peptide has been shown to be 
inmiunogenic and induce tumor reactive CTLs. 

[0464] p53; Motif analysis of the p53 protem, determination of binding 

afGnity, and analoging led to the identification of 6 non-redundant candidates. 
A somewhat greater fi:action of candidates is represented by analogs in this 
case, probably reflective of the relatively small size of the p53 protem. All six 
peptides (2 wildtype and 4 analogs) bound the A*0301 allele, five bound 
A*1101 and A*3101, two bound A*3301 and three bound A*6801. 
Immunogenicity has already been demonstrated for two of the analogs, 
p53.101K10 and p53.172B5K10. Additionally it was demonstrated that 
p53.172B5K10-specific CTLs were able to lyse wildtype-peptide coated 
targets and p53 transfected tumor targets. 

[0465] Simunarizing, there are seven non-redundant CEA-derived peptides (5 

wildtype and 2 analogs), 8 HER2/neu-derived peptides (mcluding one analog), 
^ (Sp^tides eachL^frrai MAGE2/3 (3 w ild-type an d 3 analogs) and p53 which is 
rq)resented by 2 wild-type p^tides and 4 analogs.. 



154 



wo 2004/052917 



PCT/US2003/038949 



HLA-B7 vaccine candidates 

[0466] Using a binding affinity threshold of 20QnM or less for each allele to 

define supertype cross-reactivity, one to three potential candidate peptides 
have been identified for each antigen (Table 21). One CEA-derived wildtype 
peptide binds 4 alleles, one HEE(2/neu-derived wUdtype peptide binds four 
alleles, and one wildtype p53 peptide binds 3 alleles. One wildtype and 2 
analog peptides were identified firom MAGE2/3 that bind 3-4 alleles. 
MAGE3.196I10 is also included as a candidate (despite tiie fact that it did not 
meet the binding criteria for B*0702) because it provides coverage of B*5101, 
B'1'5301 and B'^5401. Although, ahnost all the HLA-B7-restricted peptides 
have been assayed for binding, this allele remains underrepresented in the 
number of vaccine candidates identified. 

HLA-Al vaccine candidates 

[0467] The selection of HLA-A*0101 wildtype vaccine candidates was based 

on a binding afBnity ^IGOnM. In the case of analog candidates the same 
binding criteria was applied and, in addition, the parent (wildtype) peptide had 
tobind<5000nM. 

[0468] CEA; When these criteria were applied to the peptides listed in Tables 

6a-d, the choice of HLA-A*0101 restricted vaccine candidates was 
straightforward. They include seven non-overlapping CEA peptides (Table 
22). Of these, 4 are wildtype peptides and 3 are analog peptides. CEA.418D3 
was selected as the candidate firom the group of candidates around that protein 
position because the afiSnity of the wildtype peptide was <500nM. In the case 
of CEA.616, the wildtype peptide is the preferred candidate because the 
analog provides only a marginal (less than 2-fold) increase in binding afGnity. 

[0469] HER2/neu; Four wildtype candidates and 5 analogs derived from 

HER2/neu met the criteria for tiie selection of candidate peptides (Table 22). 
Wherever possible the wildtype peptide was the preferred candidate (eg. 
HER2/neu.826.T2. HER2/neu.869 , HER2/neu.899 and HER2/n eu.l213). In 
the case of the analog peptides, tiie 5 chosen were clearly associated with 
unproved binding afiBnities. HER2/neu.997T2 was preferred over 



155 



wo 2004/052917 



PCTAJS2003/038949 



HER2/neu.996D3 because the higher afSnity of the 9-mer wildtype peptide 
makes it more likely to be presented by the MHC class I molecules and 
recognized by HER2/neu.996-specific CTLs. 

[0470] MAGE2/3: Table 22 also lists the eight Al-restricted selected 

epitopes (four wildtype candidates and 4 analogs) derived from MAGE2 and 
MAGES that met the odteria for the selection of candidates. Once again, 
wherever possible tfie wildtype peptide was the preferred candidate (eg. 
MAGE2.247, MAGE3.246, MAGE3.68 and MAGE3.168). MAGE3.168 has 
also been previously demonstrated to be an epitope (f uting, 1998). to the case 
of the analog peptides, the four chosen are clearly associated with improved 
binding afiBnity (<100nM). 

[0471] p53; Finally, a total of four p53-derived peptides have been selected, 

each rq)resenting a discrete region of the protein (Table 22). p53.117 and 
p53.226 both have a binding affinity :SlOOnM and were therefore chosen as 
the wildtype candidate peptides, to the case of p53.98T2 and p53.196D3 an 
approximately 25 to 50-fold mcrease in binding affinity over their wildtype 
coimterparts was demonstrated. Correspondmgly, these analogs were also 
selected as candidates. 

HLA-A24 vaccine candidates 

[0472] As was described above for HLA-Al epitopes, the selection of HLA- 

A'^2402 wildt)pe vaccine candidates was based on binding ^lOQnM and 
immunogenicity data generated at Epimmune or described m the literature. 
Analog candidates had to both bmd i^lOOnM and be associated witii a wildtype 
peptide that bmds <5000nM. When a wildtype peptide and correspondmg 
analog both bound ^lOOnM, the wildtype was the preferred choice. 

[0473] When tiiese criteria were applied to the peptides listed in Tables 7a-d, 

_ the HLA-A*2401 restricted vaccme candidate peptides listed in Table 1 1 were 
obtamed. These mcluded eleven non-overlapping CEA peptides. Of these, 9 
are wildtype peptides and 2 are analog peptides. 
1[G'474] Simlirlj^TSree ~y^Tdtype~cm^ and T "analog" deriveiTfrom 

Her2/neu met die criteria for the selection of candidate peptides (Table 23). 
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As Stated above, the wildtype peptide was the preferred candidate (eg. 
HER2Aieu.780. HER2/iieu.907 and HER2/nea.951 (11-mer)). In the case of 
the analog selected, HER2/neu.968Y2, binding affinity was significantly 
improved as compared to the wildtype parent counterpart 
[04751 Seven wUdtype candidate peptides and 3 analog peptides derived from 

MAGE2 and MAGE3 were identified (Table 23). It can be noted that, the 3 
analog peptides chosen (MAGE2.97Y2, MAGE2.175F10 and 

MAGE3.175F10) were aU associated with binding affinity increased more 

than approximately 15-fold 
[0476] Lastly, two p53-deTived peptides have also been selected, each 

representing a discrete region of the protem (Table 23). p53.102 and p53.125 

both have a binding affinity <1 OOnM. 
[0477] By applying the criterion of a lOOnM cut-off to identify HLA-A24- 

restricted peptides, a number of candidates have been identified for each 

antigeii. The CEA candidate list inchides 9 wildtype and 2 analog peptides. 

One analog and 3 wUdtype peptides derived fix)m the transmembrane and'or 

intracellular domain of HER2/neu have been identified. A total of 10 

MAGE2/3-derivedpq)tides (7 wildtype and 3 analogs) and 2 wildtype p53- 

derived peptides were identified. 

DISCUSSION: 

[0478] These studies describe the selection of candidates for a ther^eutic 

vaccine utilizing peptides carrying motifs representative of the A3, B7. Al and 
A24 superfamilies. In the A3 and B7 supertypes, candidate selection is based 
on cross-reactive binding affinity. For HLA-Al and .A24. selection is based 
solely on binding to A*0101 and A*2402, respectively. 

[0479] Analoging strategies for HLA.A3, -37. -Al and .A24.restricted 

peptides were also described. Sidney, et al. (2001) (supra). Briefly, the 
Epimmune anatog strategy was first dociimaited for HLA-A2-restricted 
peptides. Rnppert, et al. PNAS 90(7):2671-75 (1993). also. Grey, et al. Clin. 
.. J:j5p^eiii«afoL5i<Rp/^47-Sfr (4993); and Teseaichers-at ^ifflmune (EPTT 
45-99) demonstrated that substituting preferred amino acids for sub-optimal 
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residues at primary anchor positions increased binding to the 5 predominant 
aUeles of the A2 siq)erfimily. Enhanced immimogenicity of analogs was 
demonstrated both in mice (Sarobe, 1998) and patients (Rosenberg, 1998). 
Tumor cell recognition was also observed, indicating fliat these peptide 
modifications do not affect the abiUly of the analog-specific CTL to recognize 
the endogenously expressed peptide. For A3 supertype molecules, T or V 
were determined to be optimal at position 2 and K or R optimal at the C- 
temiinus to utilize as substitution residues with the greatest potential for 
improved crossbinding capacity. For B7 supertype aUeles, proline is required 
at position 2. Although each molecule of the B7 superfamily prefers a 
different residue at the C-terminus (L. Y, I, W or A), isoleucine is the optimal 
C-terminal substitution residue to improve B7 superfamily crossbinding. 
Optimal residues for HLA-Al-restricted peptides are T at position 2, D at 
position 3, and Y at the C-terminus. Lastly, Y at position 2 and F at the C- 
tenninus are recommended for the A24 aUele. These strategies were 
implemented to identify additional binders to supplement population coverage 
for the CEA, HER2/neu, MAGE2/3 and p53 antigens. 
[0480] Using cross-reactive binding afEnities ^OOnM for A3 and B7- 
restricted peptides, binding afiSnities ^lOQnM for Al and A24-Testricted 
peptides, and primary immunogenicity and tumor recognition when that data 
was available, a total of 88 wildtype and analog peptides were selected as 
candidates for a therapeutic vaccine (Table 24). There are 6-8 A3-restricted 
candidates for each of the four tumor antigens. In the B7 supertype arena, 
only 1-3 candidates were identified for each TAA. This is due in part to the 
requirement that proline be present at primary anchor position 2, which is 
severely limiting by the number of tolerated residues alone. Couple this with 
the fact that B7 peptides bind on average three-fold less well that other 
supertypes, roughly 10% of motif-positive peptides, the low number of 
identified TAA-derived B7 candidates is expected. However, including Al 
and A24-resticted peptides in a non-A2 vaccine would increase coverage of 
black, Hispanic, and Asia n populations andcompensate fortoe paucit y qf B7_ 
candidate peptides. Four to nine Al-restricted peptides and two to eleven 
A24-restricted peptides binding ^lOOnM were identified for each antigen. 
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Overall, fliere are 26 CEA, 22 Hei2/neu, 27 MAGE2/3 and 13 p53 potential 
candidates. 

[04811 Analysis of A2 peptides that were able to induce both peptide and 

tumor reactive CTLs led to the observation that when a binding cut-off of 
^OOnM and supertype crossreactivity >3 aUeles was employe4 76% of the 
wildtype peptides and 50% of the analogs induced tumor reactive CTLs. 
When primary immunogenicity data (wildtype recognition) was included, 81% 
of wildtype peptides and 75% of analogs were identified as tumor epitopes. 
When a 200nM cut-off was used to define cross-reactivity to the A3 
superfanuly alleles, 78% of wildtype peptides and 69% of analogs that bound 
A*0301 or A*1101 with an IC50 <100dM were degenerate binders. A subset 
of A3, B7, Al and A24 peptides described herein were tested for 
immunogenicity and tumor cell reactivity. When bnidmg and cross-reactivity, 
as previously described for A2 peptides, were considered, 12/13 (92%) induce 
CTLs that recognize the wildtype peptide and 8/11 (72%) induce CTLs that 
recognize the endogenously processed peptide confirming the correlation 
between binding afGnity and immunogenicity. 
[0482] Assays have been estabhshed and validated to measure the capacityof 

a peptide to bind the 5 most predommaot alleles of the A3 and B7 
superfamihes, and subsequently select the cross-reactive (degenerate) 
candidate peptides. Supertypes for Al and A24 have been proposed, but 
binding assays are cmrently available only for the primary alleles of those 
superfamilies, A*0101 and A*2402. Analysis of infectious disease-derived 
pq)tides mdicates that binding afiBnity ^lOOnM is predictive of degenerate 
binding (^OOnM) to at least 2 other aUeles of the superfamily. The same 
analysis of the A3 and B7 TAA-derived peptides described in this example 
validates this finding. Of 28 wildtype peptides with a bindmg affinity 
^lOOnM for A*0301/A*1101 or B*0702, 27 (96%) bound 2 or more 
additional alleles with an afSmty ^OOnM. This finding indicates that TAA- 
derived peptides behave in a similar feshion to infectious disease-derived 
■- Bg>tide§_and that, a tdndiagJMEBni^..of ■lja(^ or-less- for-&e pimiaiy-allele-of - - 
the super&mily is highly predictive of cross-reactivity. 
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[0483] In conclusion, this example describes Ihe identification of peptide 

candidates derived fix)m 4 TAA and covering multiple alleles. These 
candidates include both wildtype pq)tides and fixed anchor analogs which are 
either immunogenic or have a. binding afBnity predicted to be conducive to 
immunogenicity. 

[0484] It is understood that the examples and embodiments described herein 

are for illustrative purposes only and that various modifications or changes in 
light thereof will be suggested to persons skilled in the art and are to be 
included within the spirit and purview of this application and scope of the 
appended claims. All publications, patents, patent apphcations and sequence 
listings cited herein are hereby incorporated by reference in their entirety for 
all purposes. 
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Table 1. Overview of current cancer vaccine approaches. 



APPROACH 


DESCRIPTION 


ISSUES 


STEUBNGTHS 


Whole Cell 
Vaccines 


Involve the administration of 
whole cancer cells with 
adjuvants which sorve to 
potentiate the inumme response 


• Often difficult to 
obtain tumor cells 

• Patient variability 

• Single patient product 

• Has relatively low 
concentration of 
relevant TAA 
epitopes 


• Likely to have 
novel TAA 


Cell Lysate 
Vaccines 


Consist of lysed allogeneic 
cancer cell menibrane particles 
that are ingested by macrophages 
and presented as tumor antigens 
to effector cells 


• Often difficult to 
obtain tumor cells 

• Patient variability 

• Single patient product 

• Has relatively low 

concentration of 
relevant TAA 
epitopes 


• Likely to have 
novel TAA 

• 


Idiotypic 
Vaccines 


Contain proteins derived from 
individual patient tumors or from 
specific tumor types 


• Often difficult to 
obtain tumor cells 

• Patient variability 

• Single patient product 

• Has relatively low 
concentration of 
relevant TAA 

epitopes 


• Specific TAA 
• 


Whole 

Antigen 

Vaccines 




• Limited disease 
coverage 

• Difficult to break 
tolerance 

i 


• Complex 
"natural" 
immune 
responses may 
be elicited 

• Relatively 
easy single 
compound 
manu&cture 
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APPROACH 


DESCRIPnON 


ISSUES 


STRENGTHS 


Viral 
oncolysate 
vaccines 


Consist of vaccinia virus 
infected cancer cell, lysed to 
form membrane segments 
expressing both vaccinia and 
cancer cell antigens 


• Often difficult to 
obtain tumor cells 

• Not always possible 
to infect cancer cells 

• Patieat SDecific 
treatment 

• Has relatively low 
concentration of 
relevant TAA 
epitopes 


• 


Shed antigen 
vaccines 


Similar to whole cell and lysate 
vaccines but are partially 
purified 


• Difficult to purify 
antigens 

• Patient soecific 
treatment 

• Has relatively low 
concentration of 
relevant TAA 
epitopes 


• Likely to have 
novel TAA 


Genetically 
modified 
tumor cell 
vaccines 


A number of avenues are being 
explored including the 
transduction of cells with GM- 
CSF 


• Very difficult to 
obtain tumor tissues 
and grow to allow 
stable transduction 

• Patient specific 
treatment 


• Cells contain 
novel TAA 
and adjuvants 

• 
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APPROACH 


DESCRIPTION 


ISSUES 


STtUENGTHS 


Peptide 
Vaccines 


Synthetic peptides are produced 
that correspond to tumor 
associated antigens. Designed to 
stimulate a cytotoxic T-Cell 
response (CTL) 


• Need to choose 
correct peptides to 
elicit an effective 
immune response 

• Restriction to HLA 
subtype or HLA 
supertypes 


• Single 

preparation 

used for 

multiple 

patients and 

possibly 

multiple 

diseases 

• Possible to 
combine 
various 
antigens/ 
targets 

• Reproducible 
antigen 
production 

• Able to break 
tolerance 

• Able to ehcit 
responses to 
subdominant 
epitopes 

• Can be 

directed to 
supertypes for 
broad 
population 

coverage 


Carbohydrate 
vaccines 


Synthetically produced tumor 
associated carbohydrates, 
designed to stimulate an 
antibody response against the 
carbohydrate antigens 


• May need CTL 
response as well as 
humoral response 

• Carbohydrate 
antigens are HTL 
dependent 


• Single 
preparation 
used for 
multiple 
patients and 
possibly 
multiple 
diseases 
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TABLE 2 



SUPERMOTTF^ 




POSITION 


POSITION 




/ ^rnmary Ancnor) 


3 OE*rimary Anchor) 


C Terminus (Primary 
Anchor) 


Al 






F,W,Y 


A2 


¥ T A/ TV/T A T' 
1^5 1, V, M, ^, i, C/ 




\,y,M.A.T.L 


A3 


V Q A/T K T T T 

V, M, A, i, L, / 




R,K 


A24 


*» '» /, L, M, T 




F,I,7, W.L.M 


B7 


P 




V,I,L,F,JJf. fj^ y.^ 


B27 






F,Y,L, ff^MZ K.^ 


B44 






F,W,L,I,M,V.A 


X3.JO 


A,T,S 




F,W,Y.A/. K.Af.^ 




f\ X T XT' % T T> 

Q^h^l V,M,P 




V,^,Y,M.IV.L.A 


















Al 


T, S, M 




Y 


Al 






Y 


A7 1 


Lj M, K, a /, ^ r 




V,L.I.M.A.T 


A'^ 


L,M, V,I,S,A,T,F, 

C, Lr, D 




K,Y,^H.F,A 


All 


V,T,M,L,I,S,A, 
G, N, C A F 




K,R.Y,H 


A24 


Y,F,W,Af 




F,L,I,W 


A*3101 


M,V,T,^,Z./..S 




R,K 


A*3301 


M,V,A,L,F,/..S. r 




R,K 


A*6801 


A,V,T,M.S.Z./ 




R,K 


B*0702 


P 




L,M,F,W.Y.A.IV 


B*3501 


P 




L,M,F,W,Y,/. V.A 


BSl 


P 




L,l,y,F,W.Y.A.M 


B*5301 


P 




I,M,F,W,Y,^.Z, V 


,B*5401 


P 




A,T,I,V,AM.i5; 
W,Y 



Bolded residues are prefened. italicized residues are less preferred: A peptide is considered 
motif-beanng if it has primary anchors at each primary anchor position for a motif or 
supennotif as specified in the above table. 
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TABLE 2a 



o UrnKNLU llro 


POSITION 


POSITION 


posmoN 




2 (E'rimary Anchor) 


3 (Primary Anchor) 


C Terminus (Primary 
Anchor) 


A 1 






F,W,Y 


A*? 


V, ^, T 




I,\,L.M.A. T 


Aj 


V, S, M, A, Z U I 




R,K 


AO/1 


¥3* 1X7 T XT r \ jT rn 

Y, F, ^, I V, L, M r 




F, I, Y. W, L. M 




F 




V,I,L,F,M, W. Y.A 


B27 


R,H,K 




¥,Y,L,W,M,I, V.A 


Jd5o 


A,T,S 




F,W,Y,i./. V.M.A 


B62 


Q,L,/, V,M,P 




F,W,Y,M./, V.L,A 


















Al 


T,S,M 




Y 


Al 




D, S 


Y 


A2.1 






y,L,I.M,A, T 


A3.2 


L,M,V,I,S,A,T,F, 

C, G.D 




K,Y,R,^.fM 


All 


V,T,M,L,I,S,A, 
G,N,CAF 




K,R.H.Y 


A24 






F,L,I,W 



*If 2 is V, or Q, the C-term is not L 



Bolded residues are preferred, italicized residues are less preferred: A peptide is considered 
motif-bearing if it has primary anchors at each primary anchor position for a motif or 
supermotif as specified in the above table. 
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rsgi 



2 



□El 



S3 



ED 



{HI 



§1 



1 



5 



12; 



T' 



(Li 



i 



1^ 

> 



Q 



Q 



1 



"1 
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Tables 





Allelle-specific HLA-supertype members 


HLA- 
supertype 


Verified" 


Predicted** 


Al 


A*010i, A*2501. A*2601; A*2602. 
A*3201,A*2902 


A*0102, A*2604» A*3601. A*4301, 
A*8001 


A2 


A*0201, A*0202, A*0203, A*0204, 
A*0205. A*0206, A*0207. A*0209. 
A*0214, A*6802. A*6901 


A*0208, A*02I0, A*0211, A*0212, 
A*0213 


A3 


A*0301, A*1101. A*3101, A*3301, A*6801 


A*0302, A*1102, A*2603, A*3302. 
A+^SO*? A*'^4ni A*'^4.n9 A*fi/^ni 

A*6602.A*7401 


A24 


A*2301 A*2402 A*3001 


A^Oda'\ A*odf\A A*^nno A*inf»i 


B7 


B*0702, B*0703, B*0704, B*0705, B*1508, 
B*3501 B*3502 B*3503 B*3^0'? R*'^SOd 
B*3505, B*3506, B*3507, B*3508, B*5101, 
B*5102, B*5103, B*5104. B*5105, 3*5301, 
B*5401, B*5501, B*5502. B*5601, B*5602. 
B*6701,B*7801 


B*1511,B*4201,B*5901 


B27 


B*1401. B*1402. B*1509. B*2702, B*2703, 
B*2704. B*2705, B*2706, B*3801, B*3901. 
B*3902, B*7301 


B*2701. B*2707. B*2708. B*3802. 
B*3903, B*3904, B*3905. B*4801, 
B*4802, B*1510. B*1518, B*1503 


B44 


B*1801. B*1802. B*3701, B*4402, B*4403, 
B*4404, BMOOl, B*4002, B*4006 


BMlOl, B*4501, B*4701, B*4901, 
• B*5001 


B58 


B*5701. B*5702, B*5801. B*5802, B*1516, 
B*1517 




B62 


B*1501. B*1502, B*1513, B*5201 


B*1301. B*1302, B*1504, B*1505, 
B*1506, B*1507, B*1515, B*1520,' 
B*1521. B*1512. B*1514. B*1510 



a. Verified alleles include alleles whose specificity has been detennined by pool 
sequencing analysis, peptide binding assays, or by analysis of the sequences of CTL 
epitopes. 

b. Ptedicted alleles are alleles whose specificity is predicted on the basis of B and F 
pocket structuxe to overlap with the supertype specificity. 



* 81317Ji.DOC 
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Table 6: Identified CTL Epitopes for an A2 Vaccine 



Source 


Sequence 
(SEQIDNa) 


HLA-A2 Binding A£Eini^ (ICSOnM) 




cm 




A*0201 


An)202 


A*0203 


A*0206 


A*6802 


NaA2 
Alleles 
Bound 


Sequence 


Wild- 
type 

OCqucxiEc^ 


Tumor 


CEA^4V9 


LLTrWNPPV (19) 


16 


307 


26 


56 


952 


4 


1/1 


TBD2 


1/1 


CEA.233V10 


VLYGPDAPTV (1) 


26 


430 


16 


206 


952 


4 


3/4 


2/2 


1/4 


CEA.605V9 


YLSGANLNV (2) 


73 


13 


13 


80 


1600 


4 


4/4 


3/4 


1/4 


CEAJ6S7 


ATVGIMIGVp) 


36 


8.8 


20 


11 


0.80 


5 


1/1 


1/1 


1/1 


CEA.691 


IMIGVLVGV(16) 


69 


62 


13 


106 


89 


5 


8/8 


8/8 


4/7 


p53.25Vll 


LLPENNVLSPV (4) 


38 


4 


4 


9 


30 


5 


2/3 


1/3 


1/3 


p53,139L2 


KLCPVQLWV (5) 


122 


239 


29 


23 




4 


2/5 


2/3 


1/3 


p53.139L2B3 


KLBPVQLWV (6) 


34 


8.7 


20 


11 




4 


3/4 


2/3 


1/2 


p53.149L2 


SLPPPGTRV (7) 


122 


226 


13 


9250 


140 


4 


2/3 


1/3 


0/3 


p53.149M2 


SMPPPGTRV (8) 


172 


215 


13 


425 


667 


4 


2/4 


2/4 


2/4 


H€r2/neu.5 


ALCRWGLLL (12) 


100 


_2 


278 






2 


2/2 


2/2 


2/2 


Hei2/neiL48 


HLYQGCQW(14) 


139 


307 


13 


514 


1143 


3 


3/4 


3/4 . 


1/3 


Hei2/neu369 


iaPGSLAFL(17) 


36 


9 


19 


23 


3333 


4 


10/11 


10/11 


7/11 


Her2/neu. 
369L2V9 


KLFGSLAFV(9) 


5.8 


7.5 


19 


17 


1270 


4 


4/4 


3/4 


2/4 


Her2/neu. 
369V2V9 


KVFGSLAFV (10) 


20 


19 


769 


15 


29 


4 


4/4 


3/4 


2/4 


TAotO /-nail AVk 
nsx^/ IieU.%33 


TT T-TNtr* A VQT ^ 


75 


358 


100 


569 




3 


5/5 


5/5 


3/5 


Her2/neu.665 


WLGWFGI (23) 


14 




2500 


430 


2000 


2 


4/8 


4/8 


1/1 


Her2/neu.689 


RLLQErELV(22) 






OaD 






2 




4/» 


1/1 


Hez^neu.773 


VMAGVGSPYV(11) 


200 


391 


13 


3700 




3 


2/4 


2/4 


1/4 


Hez2/neu.952. 


YMIMVKCWMI 
(25) 


20 


307 


83 


116 


267 


5 


2/3 


2/3 


2/3 


MAGE2.157 


YLQLVFGIEV(24) 


50 


165 


345 


370 


9302 


4 


3/3 


3/3 


1/3 


MAGE3.159 


QLVFGIELMEV 
(21) 


7.9 


74 


217 


185 


267 


5 


3/3 


3/3 


V3 


MAGE3.112 


KVAELVHFL(18) 


69 


29 


14 


168 


17 


5 


3/4 


3/4 


3/4 


MAGE3.160 


LVFGIELMEV(20) 


29 


20 


7.7 


28 


14 


5 


4/4 


4/4 


1/4 


MAGE3^ 


FLWGPRALV (13) 


31 


43 


14 


336 


40 


5 


4/4 


4/4 


2/4 



1) Nvunber of donors 3ddding a positive response/ total tested. 

2) To be determined 

3) - indicates binding affinity ^ lO/XN) nM. 

4) For peptides that are not analogs, "Sequence" and '^ild-type Sequence" provide ttie same mfoimation 
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Table 7. Expression of Tumor Associated Antigen (TAA) 



TAA 


% of Tumors Expressing the TAA 


Colon Cancer 


Breast Cancer 


Lung Cancer 


CEA 


95 


50 


70 


P53 


50 


50 ^ 


40-60 


MAGE 2/3 


20-30 


20-30 


35 


HER2/neu 


28-50 


30-50 


20-30 


Total 


99 


86-91 


91-95 



Table 8. Incidence and survival rate of patients with breast, colon, or lung 
cancer in the United States 





Estimated 
New Cases 
1998 


Estimate 
Deaths 1998 


5-Year relative survival rates 








1974-76 


1980-82 


1986-1993 


Breast 


180,300 


43,900 


75% 


77% 


80% 


Colon 


95.600 


47,700 


50% 


56% 


63% 


Lung 


171,500 


160,100 


12% 


14% 


. 14% 



Source: Cancer Statistics 1998. January/February 1998, VoL 48, No. 1 
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Table 9: Sammary of CTL Epitopes for an A2 Vaccine 



Epitope ^ 


Sequence 
(SEQIDNO.) 


A*0201 


A*0202 
IC50 


A*0203 

ic» 

{xMf 


A*0206 
IC50 


A*6802 

IC50 
(nMf 


No.A2 

s Cross- 
bound 


CTL Recognition 


Native 
Pulsed 
Cells 


Tumor 
Cell 


CEA.605V9 


YLSGANLNV (2) 


733 


13 


13 


80 


1600 


4 


+ 


+ 


CEA.691 


IMIGVLVGV(16) 


69 


62 


13 


106 


89 


5 


+ 


+ 






















PS3.139L2B3 


KLBPV0LWV(6) 


34 


8.7 


20 


11 




4 


+ 


+ 


P53.I49M2 


SMPPPGTRV(8) 


172 


215 


13 


425 


667 


4 


+ 


+ 






















MAGE3.n2 


KVAELVHFL(18) 


69 


29 


14 


168 


17 


5 


+ 


+ 


MAGE2.157 


YLQLVFG1EV(24) 


50 


165 


345 


370 


9302 


4 




+ 






















HER2/neu.689 


RLLQETELV (22) 


21 




625 


34 




2 




+ 


HER2/neu.665 


WLGWFGI (23) 


14 




2500 


430 


2000 


2 


N.D. 


+ 



1) The peptide designations are derived fiom the target antigen (e.g. CEA) and the numeral relates to the first amino 
acid in the protein (e,g, 691). Analogs are noted by the amino acid inserted by substitution and the peptide 
position substituted (eg. V9). 

2) HLA binding was measured by a competitive binding assay where lower values mdicate greater binding afGnity. 

3) Standard errors corresponding to HLA binding were presented in previous figures. 

4) (-) indicates binding affinity > 10,000 nM 



176 



wo 2004/052917 PCT/US2003/038949 



Table 10: Identified CTL Epitopes for an A2 Vaccine 



Source 


Sequence 


HLA-A2 Binding Affinity (IC50 nM) 






CTL* 






(SEOIDNO:) 






















A»020l 


A*0202 


A*0203 


A*0206 


A»6802 


No. A2 
Alleles 
Bound 


Sequence Wild-type TUmor 
Sequence^ 


CEA.24V9 


LLTFWNPPV(19) 


16 


307 


26 


56 


952 


4 


1/1 


TBD* 


1/1 


CEA.233VI0 


VLYGPDAPTV (1) 


26 


430 


16 


206 


952 


4 


3/4 


2/2 


1/4 


CEA.687 


ATVGIMIGV (3) 


36 


8.8 


20 


11 


0.80 


5 


1/1 


1/1 


1/1 


P53.25V11 


LLPENNVLSPV (4) 


38 


4 


4 


9 


30 


5 


2/3 


1/3 


1/3 


P53.139U 


KLCPVQLWV(5) 


122 


239 


29 


23 


^3 


4 


2/5 


2/3 


1/3 


Her2/neu.369 


KIFGSLAFL(17) 


36 


9 


19 


23 


3333 


4 


10/11 


10/11 


7/11 


Her2/neu. 
369V2V9 


KVFGSLAFV(IO) 


20 


19 


769 


15 


29 


4 


4/4 


3/4 


2/4 


Her2/neu.952 


YMIMVKCWMI(25) 


20 


307 


83 


116 


267 


5 


HZ 


2/3 


2/3 


MAGE3.159 


QLVFGIELMEV(21) 


7.9 


74 


217 


185 


267 


5 


3/3 


3/3 


1/3 


MAGE3.160 


LVFGIELMEV(20) 


29 


20 


7.7 


28 


14 


5 


4/4 


4/4 


1/4 



1) Number of donors yielding a positive response/total tested. 

2) To be determined 

3) - indicates binding affinity ^ 10,000 nM. 

4) For peptides that are not analogs, "Sequence" and "Wild-type Sequence" provide the same information 
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Miniiml Allelic Frequency 



Supertype 


Representative 
HLA 
Molecules'*' 


Caucasian 


Black 


Japanese 


Chinese 


Hispanic 


Average 


A2 


2.1,2.2, 2,3,2.5, 


45.8 


39.0 


42.4 


45.9 


43.0 


43.2 




2.6, 2.7, 68.02 














A3 


3,11.31.33. 


37.5 


42.1 


45.8 


52.7 


43.1 


44.2 




68.01 














B7 


7,51.53,35. 54 


43.2 


55.1 


57.1 


43.0 


49.3 


49.5 


Total Population Coverage 


84.3 


86.8 


89.5 


89.8 


86.8 


87.4 



For A2, all A2 subtypes were included; for A3, the five listed allotypes were used; for B7, several 
additional allotypes were included based on binding pocket analysis. 
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Table 12: 
Antigen 
MAGEl 
MAGE 2 
MAGES 
MAGE-11 
MAGE-AIO 
BAGE 
GAGE 
RAGE 
MAGE-Cl 
LAGE-1 
CAG-3 
DAM 

MUCl 

MUC2 

MUC18 

NY-ESO-1 

MUM-1 

CDK4 

BRCA2 

NY-LU-1 

NY-LU-7 

NY-LU-12 

CASP8 

RAS 

KIAA0205 
SCCs 
p53 
p73 
CEA 
Her2/neu 
Melan-A 



Tumor Associated Antigens and Genes (TAA) 
Reference 

(Traversari C, Boon T, J.Ex. Med 176:1453, 1992) 
(De Smet C, Boon T, Immunogenetics, 39(2)121-9, 1994) 
(Gaugjer B., Boon T, J.Ex. Med 179: 921, 1994) 
(JurkM., Winnacker L» JntJ.Cancer 75, 762-766, 1998) 
(Huang L, Van Pel A, J.lmmunology, 162:6849-6854) 
(Boel P., Braggen V, Immunity 2:167, 1995) 
(Eynde V., Boon T, J.Exp. Med 182:689, 1995) 
(Gaugler B., Eynde V, Immunogenetics, 44:325, 1996) 
(Lucas S., Boon T, Cancer Research, 58, 743-752, 1998) 
(Lethel B., Boon T, Iht J cancer, 10; 76(6) 903-908 
(WangR-RosenbergS, Llmmunology, 161:3591-3596, 1998) 
(Fleischhauer K., Traversari C, Cancer Research. 58, 14, 2969, 1998) 
(Karanikas V., McKenzie IF, Jxhiical investigation, 100:11, 1-10, 1997) 
(Bohm C, Hanski, IhtJ.Cancer 75, 688-693, 1998) 
(Putz E., Pantel K, Cancer Res 59(l):241-248, 1999) 
(Chen Y., Old LI PNAS, 94, 1914-18, 1997) 
(Coulie P., Boon T, PNAS 92:7976, 1995) 
(Wolfel T., Beach D, Science 269:1281, 1995) 
(Wooster R.™Stratton M, Nature, 378, 789-791, 1995) 
(Gure A., Chen, Cancer Research, 58, 1034-41, 1998) 
(Gure A., Chen, Cancer Research, 58, 1034-41, 1998) 
(Gure A., Chen, Cancer Research, 58, 1034-41, 1998) 
(Mandruzzato S., Bruggen P, J.Ex.Med 186. 5, 785-793, 1997) 
(Sidransky D.. Vogelstein B. Science. 256:102) 
(GueguenM., Eynde, Xlmmunology, 160:6188-94, 1998) 
(Molina R.,Ballesta AM, Tumor Biol, 17(2):81-9, 1996) 
(Hollstein M., Harris CC, Science, 253, 49-53, 1991) 
(BCaghadM, Caput D, Cell; 90(4):809-19, 1997) 
(Muraro R., Schlom J, Cancer Research, 45:5769-55780, 1985) 
(Disis M., CheeverM, Cancer Res 54:1071, 1994) 
.CGoidisJ!.,^n.T,. J^xMedj-l-80i35H 994)- 



gplOO (Bakker A., Figdor, J.Ex.Med 179: 1005, 1994) 
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Antigen 


Reference 


Tyrosinase 


(Wolfel T., Boon T, E.J.1 24:759, 1994) 


TRP2 


(Wang R., Rosenberg S.A, J.Bc.Med 184:2207, 1996) 


gp75/TRPl 


(Wang R., Rosenberg S.A, J.Bc.Med 183:1131, 1996) 


PSM 


(Pinto J. T., Heston W.D,W., Clin Cancer Res 2(9); 1445-1451, 1996) 


PSA 


(Coireale P., Tsang K, J. Natl cancer institute, 89:293-300, 1997) 


PTl-1 


(Sim Y., FishrarPB, Cancer Research, 57(l):18-23, 1997) 


B-catenin 


(Robbins P., Rosenberg SA, J.Ex. Med 1 83 : 1 1 85, 1996) „ 


FRAME 


(Neumann E., Seliger B, Cancer Research, 58, 4090-4095, 1998) 


Telomearse 


(Kishimoto K., Okamoto E, J Surg Oncol, 69(3): 1 19-124, 1998) 


FAK 


(Romberg U, Head Neck, 20(8):745-52, 1998) 


Tn antigen 


(Wang Bl, J Submicrosc Cytol Path, 30(4):503-509, 1998) 


cyclin Dl protein (Linggui K., Yaowu Z, Cancer Lett 130(1-2), 93-101, 1998) 


N0EY2 


(Yu Y., Bat RC, PNAS, 96(1):214-219, 1999) 


EGF-R 


(Biesterfeld S. — Cancer Weekly, Febl5, 1999) 


SART-1 


(Matsumoto H., Itoh K, Japanese Journal of Cancer Research, 59, 




issl2,1292-1295,1998) 


CAPS 


(Cancer Weekly, March 29,4-5, 1999) 


HPVE7 


(Rosenberg S.A.Iimnunity, 10, 282-287, 1999) 


pl5 


(Rosenberg S.A., Immunity, 10, 282-287, 1999) 


Folate receptor 


(Gruner B.A., Weitman S.D., Investigational New Drugs, Voll6, iss3. 




205-219, 1998) 


CDC27 


(Wang R.F., Rosenberg SA, Science, vol 284, 1351-1354, 1999) 


PAGE-1 


(Chen, J. Biol. Chem: 273:17618-17625,1998) 


PAGE-4 


(Brinkmann: PNAS, 95:10757,1998) 


K:allikrein2 


(Darson:Urology, 49:857-862, 1997) 


PSCA 


(Reiter R., PNAS, 95:1735-1740, 1998) 


DD3 


(Bussemakers M.J.G, European Urology, 35:408-412, 1999) 


RBP-1 


(Takahashi T., British Journal of Cancer, 81(2):342-349, 1999) 


RU2 


(Eybde V.D., J.ExpMed, 190 (12):1793-1799, 1999) 


Folate binding 


(Kim D., AnticancerResearch, 19:2907-2916, 1999) 


protein 




EGP-2 


(Heidenreich R., Human Gene Therapy, 1 1 :9-19, 2000) 



81313_2.DOC 
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Table 14 Sequence motifs associated with binding-MHC specificity 

• analyzed in the current study 

Anchor position 

AUelle p2 p3 C terminus 

A3supertype LMTVAST -- KR 

B7supertype P - LMIVFWYA 

Al TSM or DBAS YA 

A24 YFWM -- FLIW 



— indicates any naturally occutring residue accepted. 
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Table 18a. CEA-derived A 1 binders 



ID NO 


AA 


Sequence 


Source 


A*0101 


158 


11 


RVDGNRQIIGY 


CEA72 


294 


159 


9 


QQATPGPAY 


CEA.87 


— 


160 


9 


QQDTPGPAY 


CEA.87.D3 


57 


161 


11 


RSDSVILNVLY 


CEA.225 


47 


162 


10 


PTISPLNTSY 


CEA.240 


1000 


163 


10 


PTDSPLNTSY 


CEA.240.D3 


266 


164 


9 


AASNPPAQY 


CEA.261 




165 


9 


AADNPPAQY 


CEA.261.D3 


46 


166 


9 


rrVNNSGSY 


CEA.289 


2500 


167 


9 


rroiMNSGSY 


CEA.289.D3 


96 


168 


9 


VTRNDVGPY 


CEA.383 




169 


9 


VTDNDVGPY 


CEA.383.D3 


4.1 


170 


11 


HSDFVrLNVLY 


CEA.403 


26 


171 


10 


PTISPSYTYY 


CEA.418 


325 


172 


10 


PTDSPSYTYY 


CEA.418.D3 


1.1 


173 


9 


PnSPSYTY 


CEA.418 


7143 


174 


9 


PTDSPSYTY 


CEA.418.D3 


38 


175 


9 


nSPSYTYY 


CEA.419 


1042 


176 


9 


TTDPSYTYY 


CEA.419.D3 


3.1 


177 


10 


HAASNPPAQY 


CEA.438 


2688 


178 


9 


AADNPPAQY 


CEA.439.D3 


45 


179 


9 


ITEKNSGLY 


CEA.467 


641 


180 


9 


rrOKNSGLY 


CEA.467.D3 


12 


181 


11 


RSOPVTLDVLY 


CEA.581 


7.8 


182 


10 


IBA»BPSPQY 


CEA.616 


74 


183 


10 


HTASNPSPQY 


CEA.616.T2 


132 


184 


10 


HSDSNPSPQY 


CEA.616.D3 


45 



— indicates binding affinity =10,000nM. 



193 



wo 2004/052917 



PCTAJS2003/038949 



Table 18b. Hei2/neu-derived Al binders 



SEQ 
ID NO 


AA 


Sequence 


185 


9 


VMAGVGSPY 


186 


9 


VMDGVGSPY 


187 


10 


CMQIAKGMSY 


188 


10 


CTQIAKGMSY 


189 


9 


LLDIDETEY 


190 


9 


LTDIDBTEY 


191 


10 


FraQSDVWSY 


192 


10 


FTDQSDVWSY 


193 


10 


PASPLDSTFY 


194 


10 


PADPLDSTFY 


195 


9 


ASPLDSTFY 


196 


9 


ATPLDSTFY 


197 


10 


MGDLVDAEEY 


198 


10 


MTDLVDAEEY 


199 


9 


LTCSPQPEY 


200 


9 


LTDSPQPEY 


201 


10 


FSPAFDNLYY 


212 


10 


FTPAFDNLYY 


203 


9 


FSPAFl^NLY 


204 


9 


FTPAFDNLY 


205 


9 


SPAFDNLYY 


206 


9 


SPDFDNLYY 


207 


10 


GTPTAENPEY 


208 


10 


GTDTAENPEY 



- indicates binding affinity =10,000nM. 



Source ^^^lOl 

nM 

Her2/neu.773 625 
Her2/neu.773.D3 40 
Her2/neu.826 83 
Her2/neu.826.T2 19 
Her2/neu.869 33 
Hei:2/neu.869.T2 5.7 
Her2/neu.899 9.3 

Her2/neu.899.D3 0.60 

Her2/neu.996 1667 
Her2/neu.996.D3 19 

Her2/neu.997 . 862 
Her2/neu.997.T2 36 

Her2/neu.l014 2083 

Her2/neu.l014.T2 2.3 

Hei2/neu.ll31 192 
Her2/neu.ll31.D3 32 

Hei2/neu.l213 4^ 

Her2/neu.l213.T2 0.80 

Her2/neu.l213 581 

Hei2/neu.l2l3.T2 7.8 

Hei:2/neu.l214 nt 

Her2/neu.l214.D3 74 

Her2/neu.l239 397 



Her2/neu.l239.D3 ' 26 
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Table 18c. Mage2/3-derived Al binders 



Published 
Inununogenicity 



SEQ 
ID NO 


AA 


Sequence 


Source 


A'^0101 
nM 


reptiae iumor 


209 


10 


ASSFSTTINY 


MAGE2.68 






210 


10 


ATSFSTTINY 


Uf ACTIO Afi TO 






211 


10 


ri^JLfrO 1 1 JUN I 




25 




212 


9 


SSFSTTINY 

A A AA ^ A 








213 


9 


STFSTTTNY 


X/T A r*X!0 /^O TO 






214 


• 11 


V Y J3 V Y rionu i 




125 




215^ . 


8 


VTCLGLSY 


MA(^F7 170 






216 


8 


VTDLGLSY 


lYLrlljrCZ. 1 / 7 . LJO 


0 T 

2.7 




217 


10 


LMQDLVQENY 


MAGE2 246 






218 


10 


LTODLVOENY 


jyi/\vjiiiz,z4o. 1 z 


CO 

DO 




219 


9 


MODLVOEMY 


X/TAl^TTO 0^7 


1/ 




220 


9 


MTDLVOEMY 


\/f A r*rjo OA'? TO 


A or\ 

U.oO 




221 


10 


ASSLPTTMNY 

* Afc^^^l il A A. ATAA ^ A 


jyxtwjoDmOO 


11 
xi 




222 


10 


ATSLPTTMNY 


liAAr^VX TO 


ZOo 




223 


10 


ASDLPTrVGSJY 


"K/TAr^T?^ D^l 
JVLrVoxjO • 0 0 . L/t) 


0 <c 

Z.D 




224 


9 


SSLPTTMNY 


MAGE3.69 


676 




225 


9 


STLFTTMNY 


MAGE3.69.T2 


58 




226 


11 


TMNYPLWSQSY 


MAGE3.74 


301 




227 


9 


GSWGNWQY 


MAGE3.137 


4237 




228 


9 


GTWGNWQY 


MAGE3.137.T2 


36 




229 


11 


LMEVDPIGHLY 


MAGE3.166 


. 3,3 




230 


9 


EVDPIGHLY 


MAGE3.168 


6S 


+ + 


231 


9 


ETDPIGHLY 


MAGE3.168.T2 


070 




232 


8 


ATCLGLSY 


MAGE3.179 


227 




233 


10 


LTQHFVQBNY 


MAGE3.246 


96 




234 


10 


LTDHFVQENY 


MAGE3246,D3 


23 




235 


9 


BGGPHBY 


MAGE3.293 


676 




236 


9 


ITGGPHISY 


MAGB3.293.T2 


36 
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Table 18d. p53-derived Al binders 



SEQ 
rn MO 


AA 


Sequence 


Source 


A»0101 
nM 


237 


10 


PSQKTYQGSY 


p53.98 


1786 


238 


10 


PTQKTYQGSY 


p53.98.T2 


36 


239 


10 


GTAKSVTCTY 


p53.117 


76 


240 


10 


GTDKSVTCTY 


p53.117.D3 


42 


241 


10 


RVBGNLRVBY 


p53.196 


1136 


2«2 


10 


RVDGNLRVBY 


p53.196.D3 


46 


243 


10 


VGSDCTTIHY 


p53,225 


96 


244 


9 


GSDCTTIHY 


p53.226 


0.80 


245 


9 


GTDCTTIHY 


p53.226.T2 


0.90 


246 


■ 11 


GSDCTTIHYNY 


p53^6 


68 
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Table 19a. CEA-derived A24 binders 



SEQID NO 


AA 


Sequence 


Source 


A*0101 nM 


247 


9 


RWCIPWQRL 


CEA.10 


923 


248 


9 


RYCIPWQRF 


CEA.10.Y2P9 


191 


249 


10 


RWCIPWQRLL 


CEA.10 


308 


250 


10 


RYCIPWQRLF 


CEA,10.Y2F10 


26 


251 


11 


RWaPWQRLLL 


CEA.10 


152 


252 


11 


PWQRLLLTASL 


CBA.14 


324 


253 


10 


FWNPPTTAKL 


CEA.27 


400 


254 


10 


FYNPPTTAKF 


CEA.27.Y2F10 


182 


255 


8 


lYPNASLL 


CEA.lOl 


177 


256 


9 


lYPNASLU 


CEA.lOl 


1.7 


257 


9 


lYPNASLLF 


CEA.101.F9 


2,2 


258 


11 


FYTLHVIKSDL 


CEA.119 




259 


10 


VYPELPKPSI 


CEA 140 




260 


10 


VYPELPBCPSF 


CEA 140 PIO 


IvO 


261 


9 


LWWVNNQSL 


CBA.177 




262 


9 


LYWVNNQSF 


PEA 177 Y9PQ 


OO 


263 . 


9 


LYGPDAPTI 


TEA M4 


cn 
O/ 


264 


9 


LYGPDAPTF 


CEA M4. PQ 


OO 


265 


10 


QYSWFVNGTF 


CEA 268 




266 


8 


SWFVNGTF 


CEA 770 




267 


10 


TFQQSTQELF 


CPA 97fi 


/ou 


268 


10 


TYOOSTOELF 

* A Tufts' * 


CEA 976 Y9 


inn 


269 


9 


VYAEPPKPF 


CEA 318 




270 


10 


VYAEPPKPFI 


CEA 318 




271 


10 


VYAEPPBCPFF 


CEA.318.F10 


27 


272 


11 


TYLWVA^QSL 


CEA.353 


46 


273 


9 


LYGPDDPTI 


CEA.412 




274 


11 


SYTYYRPGVNL 


CEA.423 


91 R 


275 


9 


TYYRPGVNL 


CEA.425 


18R 


276 


9 


TYYRPGVNP 


CEA 425 F9 




277 


11 


TYYRPGVNLSL 


CEA.425 


132 


278 


10 


YYRFGVNLSL 


CEA.426 


86 


279 


10 


YYRPGVNLSF 


CEA,426.F10 


10 


280 


10 


QYSWUDGNI 


CEA.446 


800 


281 


10 


QYSWLEDGNF 


CEA.446.F10 


60 


282 


11 


TYLWWVNGQSL ' 


CEA531 


92 


283 


9 


LWWVNGQSL 


CEA^ 


1463 


284 


9 


LYWVNGQSF 


CBA.533.Y2F9 


16 


285 


9 


LYGPDTPn 


CEA.590 


46 


286 


10 


SYLSGANLNL 


GEA.604 


207 


287 


10 


SYLSGANLNF 


CEA.604.F10 


10 


288 


9 


QYSWRINGI 


CEA.624 


444 


289 


9 


QYSWRINGF 


CEA.624.F9 


109 


290 


9 


TYACFVSNL , 


CEA.652 


10 


291 


9 


TYACFVSNF 


CEA.652.F9 


8.6 



Published 
Immunogenicity 
Peptide Tumor 
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Table 19b. Her2/neu-derived A24 binders 



SEQ 
ID NO 


AA 


Sequence 


Source 


A»2401 
ruYi 


292 


9 


PYVSRLLGI 


Her2/neu.780 


71 


293 


9 


PYVSRLLGF 


Her2/neu.780.F9 


9.2 


294 


11 


. PYVSRLLGICL 


Her2/neu780 


375 


295 


10 


GMSYLEDVRL 


Her2/neu.832 


NT 


296 


10 


GYSYLEDVRF 


Hei2/neu.832.Y2F10 


235 


297 


9 


KWMALESIL 


Her2/neu.887 


800 


298 


9 


KYMALESEP 


Her2/neu.887.Y2F9 


19 


299 


9 


RFTHQSDVW 


Her2/neu.898 


1091 


300 


9 


RYTHQSDVF 


Her2/neu.898.Y2F9 


60 


301 


9 


VWSYGVTVW 


Her2/neu.905 


150 


302 


9 


VYSYGVTVF 


Her2/neu.905.Y2F9 


16 


303 


11 


VWSYGVTVWEL 


Hei2/neu.905 


130 


304 


9 


SYGVTVWEL 


Her2/neu.907 


100 


305 


9 


SYGVTVWEF 


Her2/neu.907.F9 


26 


306 


9 


VYMIMVKCW 


Her2/neu.951 


75 


307 


9 


VYMIMVKCF 


Her2/neu.951.F9 


19 


308 


11 


VYMIMVKCWMI 


Her2/neu.951 


6.7 


:309 


9 


RFRELVSEF 


Her2/neu.968 


667 


310 


9 


RYRELVSEF 


Her2/iieu.968.Y2 


36 


311 


9 


RMARDPQRF 


Her2/neu.978 


3750 


312 


9 


RYARDFQRF 


Her2/neu.978.Y2 


120 
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Table 19c. Mage2/3-derived A24 binders 



SEQID NO 


AA 


Sequence 


Source 


A*2401 nM 


313 


11 


SFSTTINYTLW 


MAGE270 


429 


314 


10 


SYSrnNYTF 


MAGE270.Y2F10 


15 


315 


9 


MFPDLESEF 


MAGE2.97 


857 


316 


9 


MYPDLESEF 


MAGE2.97.Y2 


52 


317 


9 


KMVELVHFL 


MAGE2,112 


750 


318 


9 


KYVELVHFF 


MAGE2.112.Y2F9 


7,1 


319 


11 


IFSKASEYLQL 


MAGE2.150 


126 


320 


9 


lYSKASEYF 


MAGE2.150.Y2F9 


15 


321 


9 


EYLQLVFGI 


MAGE2.156 


3.4 


322 


9 


EYLQLVFGF 


MAGB2156.F9 


4.0 


323 


10 


LYILVTCLGL 


MAGE2.175 


857 


324 


10 


LYILVTCLGF 


MAGE2.175.F10 


18 


325 


9 


VMPKTGLU 


MAGE2.195 


52 


326 


9 


VYPKTGLLF 


MAGE2.195.Y2F9 


5.5 


327 


10 


VMPKTGLm 


MAGE2.195 


207 


328 


10 


VYPKTGLLIF 


MAGE2.195.Y2F10 


2.9 


329 


10 


EFLWGFRALI 


MAGE2.270 


1237 


330 


10 


EYLWGPRALF 


MAGE2.270.Y2F10 


10 


331 


8 


LWGPRALI 


MAGE2.272 


100 


332 


10 


SYVKVLHHTL 


MAGE2.282 


75 


333 


10 


SYVKVLHHTF 


MAGB2.282.F10 


34 


334 


9 


TFPDLESEF 


MAGE3.97 


2449 


335 


9 


TYPDLESEF 


MAGE3.97.Y2 


218 


336 


9 


NWQYFFPVI 


MAGE3.142 


23 


337 


9 


NYQYFFPVF 


MAGE3.142.Y2F9 


3.4 


338 


10 


NYQYFFPVIF 


MAGE3.142.Y2 


23 


339 


8 


QYFFPVIF 


MAGB3.144 


100 


340 


9 


IFSKASSSL 


MAGE3.150 


750 


341 


9 


lYSKASSSF 


lVtAGE3.150.Y2F9 


375 


342 


11 


IFSKASSSLQL 


MAGE3.150 


132 


343 


10 


LYEPATCLGL 


MAGE3.175 


3429 


344 


10 


LYIFATCLGF 


MAGE3.175.F10 


10 


345 


9 


IMPBCAGLU 


MAGE3.195 


29 


346 


9 


lYPKAGLLF 


MAGE3.195.Y2F9 


9.2 


347 


10 


IMPKAGLLn 


MAGE3.195 


• 240 


348 


10 


lYPKAGLUF 


MAGE3.195.Y2F10 


1.2 


349 


11 


IWEELSVLEVF 


MAGE3.221 


462 


350 


8 


SYPPLHEW 


MAGE3.300 


286 


351 


10 


SYPPLHBWVL 


MAGE3.300 


20 


352 


10 


SYPPLHEWVF 


MAGE3.300.F10 


5.5 



Published 

Immunogenicity 
Peptide Tumor 
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Table 19d. p53-derived A24 binders 



SEQ 
ID NO 


AA 


Sequence 


Source 


A»2401 
nM 




Q 




nR9 1 Q 

poo.lo 




354 


9 


TYSDLWKLF 


p53.18.Y2F9 


5.5 


355 


8 


TYQGSYGF 


p53.102 


109 


356 


10 


TYQGSYGFRL 


p53.102 


100 


357 


10 


TYQGSYGFRF 


p53.102.F10 


30 


358 


8 


SYGFRLGF 


p53.106 


429 


359 


9 


SYGFRLGFL 


p53.106 


600 


360 


9 


SYGFRLGFF 


p53.106J'9 


121 


361 


10 


TYSPAUSfKMF 


p53.125 


2.4 



— indicates binding afOnity = 10,000 oM 
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Table 22. TAA-derived Al candidates 





AA 


Sequence 


Source 


A*0101 nM 


161 


11 


RSDSVILNVLY 


CEA.225 


47 


167 


9 


ITDNNSGSY 


CEA.289.D3 


96 


170 


11 


HSDPVILhA^LY 


CEA.403 


26 


172 


10 


PTDSPSYTYY 


CEA.418.D3 


LI 


178 


9 


AADNPPAQY 


CEA.439.D3 


45 


180 


9 


ITDKNSGLY 


CEA.467.D3 


12 


181 


11 


RSDPVTLDVLY 


CEA^Sl 


7.8 


182 


10 


HSASNPSPQY 


CEA.616 


74 


186 


9 


VMDGVGSPY 


Her2/neu.773.D3 


40 


188 


10 


CTQIAKGMSY 


Her2/neu.826.T2 


19 


189 


9 


LLDIDETEY 


Hei2/neu.869 


3.3 


191 


10 


FTHQSDVWSY 


Her2/neu.899 


9.3 


194 


10 


PADPLDSTFY 


Her2/neu.996.D3 


19 


198 


10 


MTDLVDAEEY 


Her2/neu.l014.T2 


2.3 


200 


9 


LTDSPQPEY 


Her2/neu.ll3LD3 


32 


201 


10 


FSPAFDNLYY 


Her2/neu.l213 


4.5 


208 


10 


GTDTAENPEY 


Her2/neu.l239.D3 


26 


211 


10 


ASDFSTTINY 


MAGE2.68.D3 


25 


216 


8 


VTDLGLSY 


MAGE2,179.D3 


2.7 


219 


9 


MQDLVQENY 


MAGE2.247 


17 


221 


10 


ASSLPTTMNY 


MAGB3.68 


11 


228 


9 


GTWG^WQY 


MAGE3.137.T2 


36 


230 


9 


EVDPIGHLY 


MAGE3.168 


6.8 


234 


10 


LTDHFVQENY 


MAGE3.246.D3 


2.3 


236 


9 


TTGGPHISY 


MAGE3.293.T2 


36 


238 


10 


PTQKTYQGSY 


p53.98.T2 


36 


239 


10 


GTAKSVTCTY 


p53.117 


76 


240 


10 


GTDKSVTCTY 


p53.117.D3 


42 


242 


10 


RVDGNLRVEY 


p53.196.D3 


46 


246 


11 


GSDCmHYNY 


P53.226 


68 



Published 
Immunogenicity 
Peptide Tumor 
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Table 23. TAA-derived A24 candidates 



SEQIPNO A A Sequence 



Source 



256 

263 

265 

269 

272 

278 

279 

281 

282 

285 

287 

290 

292 

293 

304 

305 

308 

310 

316 

321 

324 

325 

331 

332 

333 

334 

335 

336 

344 

345 

351 

356 

361 



9 
9 
9 
9 



9 lYPNASLLI 

9 LYGPDAPTI 

10 QYSWFVNGTF 

9 VYAEPPKPF 

11 ' TYLWWVNNQSL 

10 YYRPGVNLSL 
10 YYRPGVNLSF 

10 QYSWLIDGNF 

11 TYLWWVNGQSL 

9 LYGPDTPU 

10 SYLSGANLNF 
9 TYACFVSNL 

PYVSRLLGI 
PYVSRLLGF 
SYGVTVWEL 
SYGVTVWEF 

11 VYMIMVKCWMI 
9 RYRELVSEF 

9 MYPDLESEF 

9 EYLQLVFGI 

10 LYILVTCLGF 

9 VMPKTGLLI 

8 LWGPRALI 

10 SYVKVLHHTL 
10 SYVKYLHHTF 

9 TFPDLESEF 
9 TYPDLESEF 

9 NWQYFFFVI 

10 LYIFATCLGF 

9 IMPKAGLU 

10 SYPPLHEWVL 
10 TYQGSYGFRL 
10 TYSPALNKMF 



A*0101 nM 



CBA.lOl 

CEA.234 

CEA.268 

CEA,318 

CEA,353 

CEA.426 

CEA.426.F10 

CEA.446.F10 

CEA.531 

CEA.590 

CEA.604.F10 

CBA.652 

Her2/neu.780 

Her2/neu.780.F9 

Her2/neu.907 

Her2/neu,907.F9 

Her2/neu.951 

Her2/neu.968.Y2 

MAGE2.97.Y2 

MAGE2.156 

MAGE2.175.F10 

MAGE2.195 

MAGE2.272 

MAGE2.282 

MAGE2.282.F10* 

MAGE3.97 

MAGE3.97.Y2 

MAGE3.142 

MAGE3J75.F10 

MAGB3.195 

MAGE3^00 

p53.102 

p53>125 



Published 
Immunogei;\icity 
Peptide Tumor 



1.7 
57 
3.5 
41 
46 
86 
10 
60 
92 
46 
10 
10 
71 
9.2 
100 
26 
6.7 
36 
52 
3.4 
18 
52 
100 
75 
34 
2449 
218 
23 
10 . 
29 
20 
100 
2.4 



82745 J .DOC 
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Table 25 Tumor-associated antigen (TAA) sequences 

CEA SEQIDNO:363 

^^PSAPPHR^VCIPWQRLLLTASLiTFWNPPTTAKL'nESTPFNVAEGK 
EVLLLVHNLPQHIJ»GYSWYKGERVDGNRQnGYVIGTQQATPGPAYSGM^^ 
PNASmQNnQNDTGFYTLHmSDLVNEEATGQFRV^^^ 

DTASYKGETQNPVSARRSDSVILNVLYGPDAFnSPLl^SYRSGENLm^CH^ 
ASl^AQYSWFVNGTFQQSTQEmPNITVNNSGSTO^ 

TITVYAEPPKPPITSNNSNPVEDEDAVALTCEPmQNlTn.WW^^^ 
cS^:5SS^^'^^™^VGPYECGIQNELSV]?HSDP^S^ 
SYTYYRPGVNI^I^CmASNPPAQYSWIJDGMQQOT^ 
CQAJWSASGHSRTTVKTITVSAEIi'KPSISSN^^ 

RSDPVIIJJVLYGPmPIISPPDSSYI^GANUqi^CHSA^^^ 
Hei2/neu . SEQIDNO:364 

T^w^^^^^^^^^^^LPPQAASTQVCTGTDMKLRLPASPETHLDMLR 
H-YQGCQWQGNI£LTYIJnT^ASI^n.QDIQEVQGYVlJAI^^^^ 

STJ?S^^^^^N^^PLNNT^PWGASPGGI^LR^^^ 

mQRNPQLCYQDmWKDIFHKNNQLALIIJDTNRSRACHPCSP^ 

J^xS^f^'^'^^^^^^^^^^^CKGPLPTDCCHEQCAAGercP 

L^nKGICELHCTALVTYNTOl^MPWEGRYT^GASC^^ 

GSCTI.yCPIJiNQFVTAEIX}TQRCEKCSKPCARVCYGIX}MEffl^^ 

r^EFAGCKKIFGSLAn.PESroGDPASm'APLQPEQLQV^^^^ 

^a^DI^VFQNIXjmGREJiNGAYSLTLQdLGISmGSsS^ 
ffiprajLCFVHTOWDQU«RM>HQAI^ 

S^^!^Q^^SQ^RGQECVEECRVLQGLPREYW^S^^^^^ 

NGSVTCFGPEADQCVACAHYKDPPFCVARCPSGVKPDI^YMrTSSSS^^ 
CQPOPmcnHSCVDlJJDKGCFAEQRASPLTS^^ 

A22^i?™^Q^^LTPSGA]^N^^^ 

AFGTVYKGIWIPDGENVKIPVAIKVI^NrSP^A^ 

m^pVRLVHRDLAARm^VKSPMIVKrroFGLAR^ 
n^'lAl£SlIJ?RRFraQSDWSYGVTVWELlSOTGAia>YDGIPAREIPDM 

IffiDIXJPASPDDSTFmSII^DDMGDLVDAEEYLWOOGFFCPDP^GAr^^ 
VmSSSTOSGGGDLTLGI^SEEEAPRSPLAPS^^^ 

AKGI/3SU»THDPSPLQRYSEDPTWU>SEIDGYVAPLTCSPQPEYVN0PD^ 
QPPSPRB3PIJ»AARPAGATIJERPKTLSPGKNGVVKDVFAFQ3AVENra 

J^AAPQPHPPPAFSPAn)NLYYWDQDPPERGAPPSTl^GTPrAENPEYLGIJ)V 
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Table 25 TAA sequences (cont) 



MAGE2 SEQIDNO:365 

MPLEQRSQHCKPEEGLEARGEALGLVGAQAPATEEQQTASSSSTLVEV 
TLGEVPAADSPSPPHSPQGASSFSTTINYTLWRQSDEGSSNQEEEGPRMFPDLE 
SEFQAAISRmVELVin^lI.KYRAREPVTKAEMl^VIJmCQDFFPVIFSKAS 
EYLQLVFGmVVEVWISHLmVTaX3I^YDGIXGDNQVMPKTGLLnVLAIIA 
ffiGDCAPEEKIWEELSMLEVFEGREDSVFAHPRKLLMQDLVQENYLEYRQVP 
GSDPACYEE^WGPRALIETSYVKVUfflTLBaGGEPHISYPPIJEiERALREGEE 

MAGE3 SEQ ID NO: 366 

MPLEQRSQHCKPEEGLEARGEALGLVGAQAPATEEQEAASSSSTLVEV 
TLGEWAAESPDPPQSPQGASSLFTTMNYPLWSQSYEDSSNQEEEGPSTFPDLE 
SEFQAAI^RKVAELVHiqJLLKYRAREPVTKAEMIXiSVVGhWQYI^ 
SSSLQLWGIELMEVDPIGHLYmATCLGI^YDGLLGDNQIMPKAGIJLnVLAn 
AREGDCAPEEKIWEELSVI£VFEGREDSILGDPKKIJLTQHFVQENYLEYRQVP 
GSDPACYEFLWGPRALVETSYVKVIJfflMVKISGGPHISYPPUJEWV^ 

p53 SEQ ID NO: 367 

MEEPQSDPSVEPPI^QETTSDLWKIiPENNVI^PLPSQAMDDLIvILSPD 
DIEQWFTEDPGPDEAPRMPEAAPPVAPAPAAPTPAAPAPAPSWPLSSSVPSQK 
TYQGSYGI^GFLHSGTAKSVTCTYSPAIJ^KMFCQLAKTCPVQLWVDSTPPP 
GTRVRAMAIYKQSQHMTOYVRRCPHHERCSDSDGLAPPQHLIRVEGNLRVEY 
IJDDRNTFRHSVVWYEPPEVGSDCTTIHYNYMCNSSCMGGMNRRPm 
DSSGNIIXJRNSEEWVCACPGRDRRTEEENIJIKXGEPHHELPPGSTKI^ALPN 
OTSSSPQPEKKPlI)GEYFILQmGRERFEMFREIJS[EAI£Ija)AQAGKEPGGSR 
ABSSHLKSKKGQSTSRHKKLMPKTEGPDSD 



8248U.1J)0C 
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Table 26: CEA-derived B44 peptides 



Seq D Sequence 
rNO. 


AA 


Protein 


Position 


B* 






B* 


B* 


B* 


Degcn 








tSOl 


4001 


4002 


4402 


4403 


4501 


JOO /VcUiVcVLLL 


9 


CEA 


46 


359 


34 


60 


179 


1.5 


161 




Joy \^cL«ririNi 1 Y 


10 


CBA 


282 


81 


121 


27 


48 


2.6 


14 




370 lESTPmVABO 


II 


CEA 


38 


87 


1074 


352 


89 


8.7 


84 




371 tBCGIQNBL 


9 


CEA 


391 


82 


71 


53 


452 


5.3 


855 




372 YBCOIQNBLSV 


U 


CEA 


391 


9.2 


28 


26 


1714 


0.46 


155 




373 MESPSAPPHRW 


n 


CBA 


1 


12 


943 


1915 


5.3 


41 


359 




374 IBSTPFNVA 


9 


CBA 


38 


14 


2542 


36 


19.157 


1.2 


13 




375 ABGKBVLLLV 


10 


CEA 


46 


5135 


69 


408 


223 


8.6 


994 




376 KBVLLLVHNL 


10 


CEA 


49 


893 


1.0 


4.4 


326 


2.3 


2512 




377 REHYPNASL 


10 


CBA 


98 


4340 


057 


7.5 


412 


1.7 


954 




378 REIIYPNASLL 


11 


CEA 


98 


1788 


2.4 


12 


57 


0.38 


1777 




379 CBTQNPVSA 


9 


CBA 


215 


73 


7016 


261 


- 


10 


15 




380 QHLFDPNrr 


9 


CBA 


282 


125 


4361 


172 


1217 


3.0 


18 




381 PEAQNTTYLWWV 


12 


CEA 


525 


205 


3802 


1097 


414 


183 


25 




382 GBRVDGNRQn 


11 


CEA 


70 


764 


278 


18 


871 


1.3 


3 


383 NEBATGQFRVY 


11 


CBA 


131 


7.7 


3252 


999 


9.6 


69 


3986 


3 


384 CEPETQDAT 


9 


CEA 


167 


4009 


3646 


410 


5450 


50 


97 


3 


385 GENLNLSCHA 


10 


CEA 


252 


14.373 


1341 


357 


8610 


5.3 


271 


3 


.386 GENLNLSCHAA 




CBA 


252 


7838 


4557 


63 


1907 


9.0 


32 


3 


387 QELFIPNI 


8 


CEA 


282 


127 


5815 


147 


1339 


8.5 


1319 


3 


388 CBPEIQmTYL 


n 


CBA 


345 


129 


287 


1603 


1245 


60 


11,981 


3 


389 PBIQNTTYLWW 


11 


CBA 


347 


172 


749 


1045 


17 


227 


1365 


3 


390 PEIQNTTYLWWV 


12 


CEA 


347 


517 


511 


291 


167 


66 


932 


3 


391 NBLSVDHSDPV 


11 


CBA 


397 


49 


1704 


1128 


1615 


38 


78 


3 


392 QBLFISNIT 


9 


CEA 


460 


530 


6571 


58 


2334 


3.9 


80 


3 


393 PBAQNTTYLWW 


11 


CBA 


525 


147 


2096 


3090 


121 


79 


2005 


3 


394 GBRVDONRQl 


10 


CBA 


70 


9395 


1933 


49 


2544 


13 


19,464 


2 


395 NHEATOQFRV 


10 


CBA 


131 


998 


- 


- 


4536 


471 


405 


2 


Jyc BBATaQHRV 


9 


CBA 


132 


611 


803 


1025 


1602 


82 


13 


2 


3y7 oEATuQFRVY 


10 - 


• CBA 


132 


64 • 


■ — 


1532 


26 


•1041 


1374 


2 


SVo YBDKDAVAF 


9 


CBA 


157 


94 


121 


1583 


963 


1443 


- 


2 


V'lSrcXVfi'Al iL* 


U 


CBA 


167 


831 


311 


3388 


398 


807 


- 


2 




9 


CEA 


335 


840 


11 


2665 


9691 


51 


- 


2 


401 CBPBIONTTYLWW 


13 


fJtSA 


345 


204 


1027 


3589 


12 


508 


865 


2 


402 PEIONTTYl 


9 


CbA 


347 


923 


138 


2786 


16,816 


231 


1825 


2 




o 
o 


CEA 


498 


7423 


6697 


131 


959 


^5 


2608. 


2 


404 PEAQNTTY 


8 


CBA 








2437 




76 


3255 


2 


405 AfiOKEVLL 


8 


CBA 


46 


11.455 


1311 


5303 


17.268 


129 


14.165 




406 ABPPKPFrr 


9 


CBA 


320 


14,614 


7067 


3438 




214 


1838 




407 CEPBIQNTT 


9 


CBA 


345 


8575 


10,080 


1453 


19.027 


119 


2401 




408 CEPEIQNTTY 


10 


CBA 


345 


1459 






49 


14.596 






409 PBIQNTTYLW 


10 


CBA 


347 


819 


3301 


9423 


13. 


6173 


10.011 




410 QELPISNI 


8 


CBA 


460 


J589 


6396 _ 




-2282_ 


-,2a - . 


.J172_. 




411 TBKNSGLY 


8 


cba' 


468 


2U 


9851 


7117 


1868 


605 


10.248 




412 TOKNSOLYT 


9 


CEA 


468 


713 


7522 


1724 


6134 


99 


1850 




413 CBPBAQNTTY 


10 


CBA 


523 


9525 






61 




17.330 
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SeqID Sequence AA Protein Position 

' No. 



414 


CEPBAQNTTYL 


11 


CBA 


523 


415 


PEAQNTTYLW 


10 


CEA 


525 


416 


NBEATOQF 


8 


CEA 


131 


417 


PBLPKPSI 


8 


CEA 


142 


418 


VEDKDAVAFT 


10 


CBA 


157 


419 


CEPHTQDATY 


10 


CBA 


167 


420 


PETQDATY 


8 


CBA 


169 


421 


PETQDATYL 


9 


CEA 


169 


422 


PETQDATYLW 


10 


CBA 


169 


423 


PBTQDATYLWW 


11 


CEA 


169 


424 


CBTQNPV 


7 


CBA 


215 


425 


AEPPKPFI 


8 


CEA 


320 


426 


VEDBDAVALT 


10 


CEA 


335 


427 


PBIQNTTY 


8 


CEA 


347 


428 


CEPEAQNTT 


9 


CEA 


523 


429 


PBAQNTTYL 


9 


CEA 


525 



PCT/US2003/038949 



B* 

I OU J 




B* 


B* 

4402 


B* 

4403 


B* 

4501 


Degeneracy 


962 


2184 


1 1 723 




1 


2450 


1 


17,082 












1 


7326 










17,737 


0 


9106 








5143 




0 




1 1 ,OhO 


l\Jl I 


16,919 


803 




0 








787 


536 




0 


1 A orvi 






6343 


19,466 


"■ 


0 


1 ji^iy 








2488 


13,430 


0 








850 


915 


— 


0 








2819 


600 


11,631 


0 


5798 


18.808 


7450 


13.463 


819 




0 


12,800 






13.720 


904 




0 


7275 


895 


2359 


6668 


2682 




0 


1023 


7274 






1618 




0 


15.594 


11.134 






1212 


2579 


0 


9500 


3092 


9280 




1840 




0 
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Table 27: HER2/new-deriveid B44 peptides 



5BQ 
IDhD 


Sfifluencfi 


AA 


nuicin 


rusiuvii 


B* 

1801 


B* 

4001 


B* 
4002 


B* 

4402 


4403 


B* 

4501 


Degeneracy 


430 


MBLAALCRWOL 


11 


Her2/neu 


1 


6.4 


24 


30 


17 


0.92 


116 


6 


431 


LELTYLPTNASL 


12 


Her2/neu 


60 


88 


38 


31 


420 


3.7 


37 


6 


432 


QBVQGYVLI 


9 


Her2/neu 


78 


42 


36 


28 


45 


1.7 


92 


6 


433 


GEGLACHQLCA 


11 


Hcr2/ncu 


506 


62 


39 


97 


159 


2.7 


196 


6 


434 


AEQRASPL 


8 


Her2/neu 


644 


16 


73 


13 


243 


0.38 


120 


6 


435 


AEQRASPLTSI 


11 


Her2/neu 


644 


467 


19 


58 


5.1 


2.5 


11 


6 


436 


KEIUDBAYVM 


10 


Hci2/neu 


765 


13 


5.5 


4.0 


35 


'3.3 


234 


6 


437 


GBRLPQPPI 


9 


Hei2/neu 


938 


62 


71 


3.3 


27 


1.1 


15 


6 


438 


SECRPRFRBL 


10 


Her2/neu 


963 


80 


307 


18 


11 


oao 


25 


6 


439 


AK^JPBYLOL 


9 


Her2/Qeu 


1243 


17 


2.2 


271 


45 


2.5 


155 


6 


440 


RBLQLRSLTBI 


11 


Her2/neu 


138 


261 


2.8 


3.7 


125 


0.99 


269 


6 


441 


QEPAGCKKIFO 


It 


Her2/neu 


362 


211 


423 


477 


37 


2.1 


138 


6 


442 


LBEirOYLYlSA 


12 


Her2/heu 


403 


35 


177 


78 


323 


4.6 


no 


6 


443 


Sffi^RMARDPQRF 


13 


Hef2/neu 


974 


44 


454 


45 


54 


11 


361 


6 


444 


NEDLGPASPL 


10 


Her2/neu 


991 


107 


281 


150 


40 


6.0 


23) 


6 


445 


SBBEAPRSPL 


10 


Her2/neu 


1066 


151 


155 


217 


37 


8.4 


84 


6 


446 


SETDOYVAPL 


10 


Her2/neu 


1122 


94. 


214 


184 


386 


2.4 


302 


6 


447 


LELTYLPTNA 


10 


Hei2/Qeu 


60 


332 


325 


10 


6428 


3.1 


24 


5 


448 


QBVQGYVL 


8 


Her2/neu 


78 


3.4 


28 


5.0 


1307 


0.92 


33 


5 


449 


FBDNYALAV 


9 


Her2/neu 


108 


9.5 


11 


6.2 


9942 


0.42 


154 


5 


450 


RELQLftSLT 


9 


Hert/neu 


138 


638 


316 


13 


465 


0.20 


162 


5 


451 


MEHLREVRA 


9 


Hei2/aeu 


347 


233 


- 


386 


38 


3.2 


19 


5 • 


452 


MEHUUSVRAY 


10 


Her2/neu 


347 


72 




160 


180 


13 


140 


5 


453 


MBHLRBVRAVTSA 


13 


Her2/neu 


347 


77 


5662 


120 


281 


21 


16 


5 


454 


QBFAGCKKIF 


10 


Her2/neu 


362 


53 


3686 


12 


4.0 


3.6 


115 


5 


455 


EEITGYLYISA 


11 


Her2/neu 


404 


0.94 


1440 


52 


4.5 


2.1 


0.93 


5 


456 


RBLOSGLAL 


9 


Hef2/neu 


459 


359 


3.7 


0.9 


473 


0.97 


2262 


5 


457 


RSLGSOLAU 


10 


Her2/nea 


45? 


4810 


22 


4.4 


32 


0.78 


324 


5 


.458 


GEGLACHQL 


9 


He(2/neu 


506 


13,766 


14 


88 


66 


11 


340 


5 


459 


REYVNARHCL 


10 


He(2/&eu 


552 


1327 


39 


. 4«8 


106 


0.97 


1126 


5 


m 


EBQACQPCPI 


10 


Hei2/neu 


619 


119 


- 


340 


52 


80 


401 


S 


461 


AEQRASPLT 


9 


Hef2/aeu 


644 


346 


874 


183 


103 


1.8 


10 


5 


462 


QBTBLVEPL 


9 


Hei2/nett 


692 


12 


9.1 


36 


310 


3.5 


1232 


5 


463 


QfflBLVBPLT 


10 


Her2/neu 


692 


15 


293 


338 


1619 


13 


288 


5 


464 


GENVKIPVAI 


10 


Her2/aeu 


743 


563 


314 


3.7 


230 


2^ 


198 


5 


465 


RBLVSBFSRM 


10 


Her2/neu 


970 


9.1 


28 


4.3 


33 


0.12 


1726 


5 


466 


RBLVSEPSRMA 


11 


Hei2Meu 


970 


168 


191 


143 


2613 


35 


32 


5 


467 


ABBYLVPQQGFF 


12 


Her2/aeu 


1020 


124 


262 


589 


24 


49 


172 


5 


468 


SBDPTVPL 


8 


Her2/Qeu 


1113 


103 


71 


161 


9450 


2.0 


308 


5 


4& 


SBTDOYVAPLT 


11 


H6i2/neu 


1122.. 


66 


125 


224. 


1225 


2.2 


.45 


5 


470 


AENPEYLGLDV 


11 


Hei2/neu 


1243 


11.934 


28 


139 


69 


3.0 


24 


5 


471 


MELAALCRW 


9 


Hei2/aeu 


I 


7.5 


4301 


141 


26 


15 


1140 


4 


472 


MBLAALCRWG 


10 


Hei2/iieu 


1 


102 


8684 


1840 


5.7 


135 


408 


4 


- 4-73- 


QEVQOYVLIA- 


"10- 


-Hei2/neu 78- - 


— 6t— 


- "772- ■ 


-64 — 


--1871' 


—15* 


11" 


^ 


474 


FEDNYALAVL 


10 


Her2/aeu 


108 


321 


6.2 


48 


2844 


3.8 


3095 


4 


475 


RBLQLRSL 


8 


Hei2/aea 


138 


42 


49 


5.9 


2248 


0.62 


1372 


4 
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5EQ 


uC{|ll6DvC 


A A 


rTulcID 


rosiuon 


B* 
1801 


B* 

4001 • 


4002 


B* 

4402 


B* 
4403 


B* 

4501 


Degeneracy 


m 


TBILKGOVL 


9 


Hcr2/neu 


146 


125 


30 


14 


697 


0.28 


2480 


4 


477 


TBILKGOVLI 


10 


Hef2/neu 


146 


1021 


241 


294 


24 


21 


7600 


4 


478 


GESSEDCX2SL 


10 


Her2/neu 


206 


- 


8.1 


23 


427 


5.1 


2491 


4 


479 


SEDCQSLTRTV 


1! 


Her2/neu 


209 


101 


4322 


311 


943 


21 


10 


4 


480 


PEORrrFOASCV 


12 


Her2/Deu 


285 


1366 


Z6 


.6.1- 


1410 


348 


356 


4 


481 


RBVRAVTSA 


9 


Hei2/aeu 


33 1 


626 


427 


0.7 


3160 


0.18 


9.3 


4 


482 


REVRAVTSANI 


11 


Hef2/neu 


351 


4491 


17 


30 


1680 


1.8 


421 


4 


483 


BBITGYLY 


8 


Her2/aeu 


404 


20 


5713 


1223 


38 


83 


238 


4 


484 


EBITGYLYl 


9 


Her2/aeu 


404 


86 


906 


916 


14 


121 


. 94 


4 


485 


EBJTGYLYISAW 


12 


Her2/oeu 


404 


36 


837 


1966 


37 


87 


57 


4 


486 


QECVBBCRVL 


10 


Her2/Qcu 


538 


•315 


444 


399 


606 


22 


2863 


4 


487 


VEBCRVLQGL 


10 


Her2/aeu 


541 


270 


227 


5815 


237 


189 


16.094 


4 


488 


GBNVKIPVA 


9 


Hu^neu 


743 


1508 


293 


3.0 


— 


1.7 


13 


4 


489 


KEBLDEAYV 


9 


Hcr2/acu 


765 


1358 


62 


43 


6466 


8.4 


42 


4 


490 


KEILDBAYVMA 


U 


Her2/aeu 


765 


731 


252 


95 


11.514 


64 


123 


4 


491 


DBAYVMAGVG 


10 


HaTfneu 


769 


122 


203 


154 


4033 


5609 


218 


4 


492 


TEYHADGOKYPl 


12 


Her2/neu- 


875 


632 


195 


7.1 


3342 


1.4 


361 


4 


493 


GBRLPQPPlCn 


12 


Hei2/neu 


938 


8538 


398 


9.5 


935 


0.60 


40 


4 


494 


ABBYLVPQQOF 


11 


Hei2/neu 


1020 


125 


584 


1831 


21 


99 


268 


4 


495 


BBYLVPQQG 


9 


Hef2/aeu 


1021 


66 


10344 


176 


2200 


126 


131 


4 


496 


EEYLVPQQGF 


10 


Her2/aeu 


1021 


12 




2551 


21 


11 


73 


4 


497 


EBYLVPQQGFF 


11 


Hei2/aeu 


1021 


94 


4291 


1695 


78 


168 


154 


4 


498 


BBEAPRSPL 


9 


Her2/aeu 


1067 


902 


4490 


316 


177 


362 


307 


4 


499 


EBAPRSPLA 


9 


Her2/iieu 


1068 


486 


10.707 


4900 


200 


294 


4JS 


4 


500 


REGPLPAARPA 


11 


Hei2/neu 


1153 


157 


543 


78 


_ 


4.2 


347 


4 


501 


RELQLRSLTBO. 


12 


Hei2/aeu 


138 


1252 


15 


26 


2286 


OJO 


865 


3 


502 


GESSEDCQSLT 


11 


Hei2/iieu 


206 


742 


48 


180 


14.386 


40 


2158 


3 


503 


CELHCPAL 


8 


Hei2/neu 


264 


150 


871 


259 


4361 


39 




3 


504 


CBLHCPALV 


9 


Her2/neu 


264 


136 


4805 


319 


2308 


52 


1110 


3 


50S 


CELHCPALVT 


10 


Her2/heu 


264 


80 


_ 


65 


933 


18 


1275 


3 


505 


CELHCPALVTY 


U 


Her2/neu 


264 


12 


3469 


3198 


140 


89 


2779 


3 


507 


FBSMPNPEG 


9 


HoS/neu 


279 


6068 




59 


14,846 


20 


155 


3 


508 


PBSMFHPBGRY . 


.11 


i;Iier2/jieu 


.279 


74 


3666 , 


-,3533 


59 


• 70 


1394 


3 


509 


QHPAQCKKI 


9 


HeiVn&i 


362 


1120 


736 


131 


85 


44 


2684 


3 


510 


FBILEBIFQYL 


11 


Hei2/neu 


400 


133 ■ 


'78 


649 


7490 


42 


2200 


3 


511 


LEBITGYLYI 


10 


Hez2/iieu 


403 


143 


914 


2996 


222 


143 


1488 


3 


512 


PfiDBCVOEOL 


10 


Hei2/aeu 


500 > 


1257 


278 


257 


6331 


49 


- 


3 


513 


DBCVGBOL 


8 


Hei2/neu 


502 


49 


4864 


481 


938 


34 


14,244 


3 


514 


TBLVBPLTPSOA 


12 


Her2/tieu 


694 


167 


4104 


103 


2118 


28 


2739 


3 


515 


RBNTSPKANKEIL 


13 


Hei2/neu 


756 


11.950 


5.8 


64 


- 


8.6 


9105 


3 


516 


KBODBAY 


8 


Hei2/iie» 


765 


82 


921 


430 


7485 


74 


2646 


3 


517 


DEAYVMAGV 


9 


Hef2/neu 


769 


58 


5327 


1245 


8006 


138 


161 


3 


518 


LfiSOLRRRP 


9 


Her2/neo 


891 


29 


- 


3475 


5,8 


101 


12,918 


3 


519 


WBLMITOAKPY 


U 


Her2/Dea 


913 


13 


509 


778 


24 


75 


1216 


3 


520 


RBIPDLUBKGBRL 


13 


Her2/iieu 


929 


3212 


34 


226 


2914 


31 


H043 


3 


521 


GBRLPQPPICT 


11 


Hei2/Qeu 


938 


12,486 




23 


9094 


3.9 


15 


3 


- 522- 


**SBCRPR3TOLV 


Ti 




- 963 


- 1996" 


^ '3S73 ' 


121 


- '927 - 


"Is 


'"iTs" 




523 


SBGAGSDVP 


9 


Hei2/neii 


1078 


74 


5627 


6525 


33 


192 


6960 


3 


524 


PBYLOLDVPV 


10 


Her2/neu 


1246 


613 


352 


35 


1371 


1.7 


610 


3 


525 


CBKCSKPCARVCY 


13 


Hei2/neu 


331 


763 


16.796 


1292 


340 


117 


1815 


2 
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SBQ „ 
ID NO Sequence 


AA 


Protein 


Position 


B* 

1801 


B* 

4001 


B* 
4002 


B* 
4402 


B* 
4403 


B* 
4501 




526 


MBHLRBVRAVT 


1 1 
i 1 






I0o4 


1963 


2207 


795 


111 


74 


2 


527 


LBBITGYL 


o 

Q 


Her2/neu 


403 


242 


830 


1805 


8038 


403 


- 


2 


528 


DEBGACQPCPl 


t 1 
1 1 


ner2/neu 


618 


451 


5517 


7293 


968 


438 


1323 


2 


529 


TELVBPL 


1 


ner2/neu 


694 


162 


14,164 


1258 


8854 


66 


~ 


2 


530 


VBPLTPSGA 


9 


Her2/neu 


697 


132\ 




96 


8516 


191 


17,037 


2 


531 


KETBLRKViCV 


10 


Her2/neu 


716 


n»925 




68 


2936 


15 


1603 


'2 


532 


TELRKVKVL 


9 


Her2/neu 


718 


1514 


4698 


11 


1844 


2^ 


14,147 


2 


533 


LEDYRLVHRDL 


U 


Hei^neu 


836 


729 


325 


641 


818 


59 


2382 


2 


534 


TBYHADQGKV 


10 


Her2/neu 


875 


239 


5246 


2003 


2911 


15 


1571 


2 


535 


LESILRRRFT 


10 


Her2/Qeu 


891 


82 


- 


1189 


34 


657 


2251 


2 


536 


LEDDDMGDL 


9 


Her2/neu 


1009 


191 


556 


351 


722 


900 


6251 


2 


537 


ABBYLVPOOn 


10 


Hei2/neu 


1020 


723 


- 


-- 


1549 


479 


127 


2 


538 


53RPPAPP<!PI A 


U 


Her2/aeo 


1066 


1318 


3604 


5110 


8550 


158 


27 


2 


539 


^EAJfWJoLf V mtUKJ 


11 


Her2/nea 


1078 


928 


3751 


5695 


374 


286 


3008 


2 


540 


PPYI Tpnrsf! A A 


U 


Her2/aeu 


1194 


1724 


- 


200 


- 


354 


4011 


2 


541 


PRPHAPPOO* 


9 


Her2/oeD 


1228 


390 


4744 


7679 


1116 


178 


7767 


2 




rClnLiL/mLf 


8 


Hei2/neu 


39 


1954 


8387 


6U8 


- 


83 


- 


1 




wmn T\K/n Dxri 


11 


Her2/neu 


39 


1322 


700 


2971 


11,534 


70 


4329 


I 


544 




7 


Hei2/Deu 


209 


18.245 


2691 


14.258 


8248* 


431 


19,225 


I 






9 


Her2/Deu 


237 


1995 


- 


7377 


24,068 


178 


2974 


1 


54^ 


routv 1 1 po/voo V 1 


13 


Hef2/Qeu 


285 


6602 


4411 


3286 


1560 


456 


1198 


1 


547 


OPVPAPTVyP' 


9 


Hei2/neu 


320 


5207 




3122 


7886 


66 


1843 


1 


548 




9 


Her2/ncu 


331 


3740 


- 


2703 


12,538 


342 


8007 


I 




l^xSKI^ KJrU/VK V 


11 


Hei2/aeu 


331 


U67 


4103 


2079 


9594 


101 


1561 


1 


550 


REVRAVT 


7 


Her2/aeu 


351 


8564 


3136 


725 


- 


29 


- 


1 


551 




7 


Her2/iieu 


400 


1518 


7621 


2110 


- 


69 


- 


1 


552 


PRT7 RPrmY 


10 


Hei2/aeu 


400 


671 


- 


- 


262 


1679 


- 


1 


553 




13 


Hef2/neu 


502 


586 


4421 


3965 


3093 


468 


5888 


1 


554 




9 


Her2/ncu 


538 


15,799 


8755 


1664 


4348 


210 


4542 


1 


555 


VRRPP VI on 


9 


Hei2/Dett 


541 


1528 


8947 


7622 


12,736 


305 


- 


1 


556 


EECRVLOGL 


9 


Hei2/iiea 


542 


890 


7076 


2029 


717 


434 


1185 


1 


557 


PBC0PC»4GSV 


10 


Het2/iiea 


565 


7962 




- 


12,964 


472 




1 


558 


TBLVEPLITSO 




Hei2/nea 


. J94 


601, 


J2978 


—3703 




.269 


14,079 


I 


559 


VEFLIPSGAM 


10 


Hei2Aiea 


697 


4649 


1667 


584 


4368 


108 


- 


1 


560 


KETELRKVKVL 


11 


Hei2/Qea 


716 


9529 


2973 


1868 


7136 


71 


12,237 


1 


561 


TELRKVKYLG 


10 


Her2/aeu 


718 


721 


— 


601 


3650 


14 


12.816 


1 


562 


DETBYHADQ 


9 


Hei2/iieu 


873 


159 




— 


- 


1397 


13,353 


1 


563 


DBTOYHADGO 


10 


Hei2/Qeu 


873 


613 


— 


16,801 


3891 


269 


- 




564 


RBIPDUBKG 


10 


Hfii2/Qeu 


929 


649 


4493 


814 


1270 


13 


1977 




565 


SBCRPRP 


7 


nei2/Deu 


963 


926 


18»181 


1157 


852 


48 


8856 




566 


BEBAPRSPLA 


10 


Hef2/aeu 


1067 


6611 




— 


3128 


960 


14 




5CT 


BBAPRSPL 


8 


Her2/neu 


1068 


1191 


3489 


1611 


3020 


171 


1926 




568 


SBGAGSDVFDGDL 


13 


It., f% i 

Her2/aeu 


1078 


1563 


52 


2097 


1595 


749 


3001 




569 


PBYVNQPDV 


0 


ner^neu 


1137 


831 


3437 


1581 


823 


48 


2536 




570 


YENPBYLTPQG 


n 


Her2/aeu 


1191 


8386 






17.337 


11 


4188 




571 


PBYLTPQGQ 


9 


Hei2/iieu 


1194 


1456 


18,951 


13.860 


6532 


284 


18.990 




572- 


PBROAPPSTP 


*ia- 


Her2/Qeu- 


-1228— 


-1062- 


14.884 


-3437 


"6871 


■-"208' 


T5,7(J0T 




573 


PBTHLDM 


7 


Het^neu 


39 




15,506 






5081' 




0 


574 


SEDCQSLTRT 


10 


Her2/neu ■ 


209 


7257 


8550 


11,529 


518 


2857 


5178 


0 


575 


HEQCAAGCTO 


10 


Hef2/neu 


237 


3805 


6126 


8285 


3168 


806 


2072 


0 
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SEQ 
ID NO 




AA 






B* 

1801 


B* 
4001 


B* 

4002 


B» 

4402 


B* 
4403 


B* 
4501 




576 


PBORYTFGA 


9 


Her2/neu 


285 


5252 


- 


- 


- 


658 


15,119 


0 


577 


PBSFDGDPA 


9 


Her2/neu 


378 


14,489 


11.550 


- 


- 


1170 


4418 


0 


578 


PBQLQVFET 


9 


Her2/neu 


394 


1798 


11.635 


- 


5814 


4659 


. 9322 


0 


579 


PEQLQVFBTL 


10 


Hcf2/neu 


394 


1314 


- 


4890 


6107 


754 




0 


580 


PBQLQVPBTLBEI 


13 


Her2/neu 


394 


9.147 


5393 




- 


3232 


- 


0 


581 


FETLBBrrO 


9 


Hei2/neu 


400 


1750 


14.182 


8715 


10,330 


753 


- 


0 


582 


LBBITGY 


7 


Her2/ncu 


403 


8594 


17,584 


11,496 


- 


989 


- 


0 


583 


LBEITGYLY 


9 


Hcr2/neu 


403- 


1048 


13.469 


- 


870 


5335 




0 


584 


RILHNOAYSL 


10 


Hei2/neu 


434 


2345 


- 


726 


- 


- 


-- 


0 


585 


PBDECVOBO 


9 


Hef2/neu 


500 


11,794 


931 


647 


7327 


559 


- 


0 


586 


PBDECVGEGLA 


11 


Her2/tteu 


500 


6685 


- 


- 


4217 


1933 


- 


0 


587 


DECVGEGLA 


9 


Her2/aeu 


502 


1006 


4742 


3131 


14,445 


506 


1114 


0 


588 


PBCQPQNOSVT 


11 


Hef2/neu 


565 


8882 


- 




5093 


2353 


- 


0 


589 


PBCQPQNGSVTCF 


13 


Her2/neu 


565 


4787 


1772 


8115 


3564 


2161 




0 


590 


PBADQCVACA 


10 


Her2/aeu 


579 


10.271 


- 


16.262 


6242 


2155 


I486 


0 


591 


PBADQCVACAHY 


12 


Hei2/iieu 


579 


2819 


12,352 


11,420 


1163 


3516 


3057 


0 


592 


LBDVRLV 


7 


Her2/neu 


836 


16.473 


17,438 






2658 




0 


593 


DETEYHA 


1 


Her2/neu 


873 


6105 




18,324 




10.523 




0 


594 


LEDDDMGDLV 


10 


Her2/heu 


1009 


9176 


2963 


3596 


6746 


3641 


10,475 


0 


595 


LERPKTLSPG 


10 


Her2/neu 


1167 


10,194 






2333 


1400 


7162 


0 


596 


VENPEYL 


7 


Her2/Qeu 


1191 




14,701 




14.253 


12,085 




0 


597 


PBYLTPQGGA 


10 


Het2/heu 


1194 


7436 






9016 


5779 


15,093 


0 



214 



wo 2004/052917 



PCT/US2003/038949 



Table 28: p53-derived B44 peptides 



SEQ 

ID nxJ 


Sequence 


AA 


Protein 


Position 


B* 
1801 


B* 

4001 


B* 

4002 


4402 


B* 

4403 


B* 

4501 


Degeneracy 


coo 


RERFBMFREL 


10 


p53 


335 


83 


29 


17 


17 


034 


422 


6 


599 


OBYFTLQIRO 


10 


p53 


325 


108 


88 


19 


2452 


3.9 


157 


5 


600 


QETFSDLWKL 


10 


p53 


16 


736 


199 


255 


39 


14 


901 


4 


601 


DBAPRMPBA 


9 


p53 


61 


84 


297 


4577 


6448 


98 


10 


4 


602 


HBRCSDSDGL 


10 


p53 


179 


139 


171 


61 


1468 


6.0 


1723 


4 


603 


VBYLDDRhfTF 


10 


p53 


203 


094 


501 


37 


32 


1.4 


3601 


4 


604 


FBVRVCACPG 


10 


p53 


270 


64 


2043 


4.9 


180 


0.76 


1872 


4 


605 


GBYPTLQI 


8 


p53 


325 


7774 


112 


60 


3511 


KO 


261 


4 


606 


PBMPRBLNEA 


10 


p53 


338 


1?7 


3207 


223 


952 


2.0 


208 


4 


607 


FEMFRELNEAL 


11 


p53 


338 


475 


17 


8.8 


748 


1.1 


1352 


4 


60S 


RELNBALBL 


9 


p53 


342 


3000 


15 


30 


256 


. l.l 


3337 


4 


609 


IBQWFTEDPG 


10 


pS3 


50 


151 


1250 


2114 


5595 


142 


197 


3 


610 


VEGNLRVBYL 


10 


p53 


197 


104 


481 


2565 


1963 


22 


15.189 


3 


611 


GEPHHBLPPG 


to 


p53 


293 


108 


3323 


1888 


11.728 


4.4 


20 


3 


612 


TBDPGPDEAPRM 


12 


p53 


55 


570 


361 


1326 


2791 


141 


1702 


2 


613 


DBAPRMPEAA 


10 


p53 


61 


121 


1497 


8444 


2594 


1037 


100 


2 


614 


HERCSDSDG 


9 


p53 


179 


1118 


67 


- 


2032 


208 


13,390 


2 


615 


HERCSDSDGLA 


* U 


p53 


179 


1408 


4879 


1915 


- 


96 


186 


2 


616 


LBDSSONL 


8 


p53 


257 


17.736 


782 


108 


- 


211 


15,946 


2 


617 


LBDSSGNLL 


9 


p53 


257 


1140 


2.2 


2771 


1865 


43 


— 


2 


618 


GEPHHBLPPGST 


12 


p53 


293 


3814 


- 


5418 


4477 


413 


132 


2 


619 


RBRFBMF . 


7 


p53 


335 


180 


4079 


1907 


- 


108 


— 


2 


620 


LBUCDAQAG 


9 


p53 


348 


170 


18,706 


3659 


5126 


30 


1989 


2 


621 


MEEPQSDPSV 


10 


p53 


1 


8970 


3802 


16,536 


1927 


816 


175 


I 


622 


VEPPLSQBT 


9 


p53 


10 


8302 


17,052 


- 


3186 


236 


-- 


1 


623 


VBPPLSQBTF 


10 


p53 


10 


814 


- 


- 


406 


525 


- 


1 


624 


QETFSDLWKLL 


U 


P53 


16 


4158 


3366 


740 


631 


168 


1218 


1 


625 


PENNVLSPL 


9 


p53 


27 


1150 


1261 


718 


11.174 


8.8 




1 


626 


DBAPRMPEAAPPV 


13 


p53 


61 


583 


- 


2715 


- 


1727 


87 


1 


627 


YBG^^LAVBY 


J. 




. 197 


832 


12,752 


- 


61 


2583 


- 


1 


628 


VEYLDDRNT 


9 


p53 


203 


1442 


-* 


- 


10.071 


157 


13.503 


1 


629 


YEPPEVGSDCT 


11 


p53 


220 


16,872 


— 


125 


13,349 


12.712 


19.199 


1 


630 


YBPPBVOSDCrn 


13 


p53 


220 


9330 


3530 


689 


3009 


351 


- 


1 


031 


PBvosDcrn 


10 


p53 


223 


611 


4552 


248 


2293 


2046 


- 




632 


LBDSSGNIXG 


10 


p53 


257 


1062 


531 


697 


7905 


153 


19,256 




633 


IBEBNLRKKG 


10 


p53 


284 


~- 


— 




~ 


315 


- 




634 


HBLPPGSnCRA 


11 


p53 


297 


6034 


3974 


3255 


— 


189 


1472 




635 


NEALELKDA 


n 
V 


p53 


345 


1925 


3887 


6640 


4270 


1582 


129 




636 


NBALELKDAQA 


H 


p53 


345 


742 


6235 


5071 




949 


53 




637 


BBFQSDPSV 


9 


p53 


2 


9454 






5972 


1507 


1620 


0 


638 


QBTFSDL 


7 


p53 


16 


8514 


18.350 


12.210 




1612 


18.051 


0 


639 


TEDPGPDBA 


9 


pS3 


55 


15.049 


1217 




8035 


2763 


1789 


0 


640 


PEAAPPV 


7 


p53 


67 


14.223 








5429 




0 


.64t JPBAAPPVAPA 


-10- 


— pB- 


—67-.— 


-2638" 


—5800- 


-1-4.593 


-219r* 


-653 - 


• por*-" 


— -0 — 


642 


PBVOSDcrr 


9 


p53 


223 


18.612 


1189 




7109 


12,997 




0 


643 


PBVOSDCmHY 


12 


pS3 


223 


1182 


10.188 


V994 


4093 


1939 


2251 


0 


644 


EEBNLRKKG 


9 


pS3 


28S 


1464 


687 




3^62 


706 


18.421 


0 



215 



wo 2004/052917 
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Table 29: MAGE2-derived B44 peptides 



Seq 

[DNO 


Sequence 


AA 


Protein 


Position 


B* 

1 nni 


B* 

4U0I 


B* 

4002 


B* 

4402 


B* 
4403 


B* 
4501 


Degen( 


645 


LESEFQAAl 


9 




ini 




A \ 




43 


1.0 


78 


6 


646 


LBSBFOAAISRKM 


13 






ZO 


iXA 


AC 


427 


14 


102 


6 


647 


SEFOAAISRKM 


1 1 
1 1 






7.0 


345 


107 


88 


1.2 


161 


6 


648 


ocr'i^/\/\iaivAJVi y 


1 0 




103 


47 


300 


25 


111 


3,2 


256 


6 






n 
V 


MAGE2 


155 


18 


235 


421 


348 


19 


113 


6 




QRVi ni vnm 


10 


MAGB2 


155 


5.2 


20 


6.1 


3.7 


0.84 


4.4 


6 




oB Y LQLV FG IE W 


13 


MAGE2 


155 


12 


44 


17 


229 


7.6 


22 


6 


002 


WEELSMLBVF 


10 


MAGE2 


222 


4.0 


463 


30 


15 


22 


290 


6 


653 


QENVLBYRQV 


10 


MAGE2 


252 


210 


493 


102 


17 


16 


27 


6 


654 


YEPLwGPRALI 


11 


MA0E2 


269 


5.2 


4.1 


2.8 


92 


0.59 


450 


6 


655 


LEAROBALGLVGA 


13 


MAGB2 


16 


228 


29 


50 


3886 


3.7 


135 


5 


656 


VBVTLCBVPA 


10 


MAGB2 


46 


14 


371 


31 


3801 


0J2 


15 


5 


657 


EEGPRMFPDL 


10 


MAGE2 


92 


i28 


4438 


486 


291 


13 


42 


5 


658 


AEMLESVL 


8 


MAGE2 


133 


968 


14 


31 


327 


0.88 


302 


5 


659 


LESVLRNCQDFF 


12 


MAGE2 


136 


56 


246 


370 


264 


54 


1466 


5 


660 


SEYLQLVF 


8 


MAGE2 


155 


0.97 


765 


6.0 


284 


0.70 


122 


5 


661 


VBVVPISHLYl 


11 


MA0E2 


167 


97 


135 


146 


335 


7.2 


3788 


5 


662 


EEICrWBELSM 


10 


MAGE2 


218 


86 




477 


46 


28 


107 


5 


663 


EELSMLEVFEG 


11 


MAGE2 


223 


L5 


~ 


294 


4.6 


23 


163 


5 


664 


YEFLWGPRA 


9 


MAGfi2 


269 


5.3 


30 


5.2 


4246 


I.l 


241 


5 


6o5 


YBFLWGPRAL 


10 


MAGB2 


269 


17 


8.5 


1.6 


130 


0.72 


753 


5 


667 


lETSYVKVL 


9 


MAGB2 


279 


72 


7.2 


23 


33 


2.6 


11»902 


5 


668 


UBARGBAL 


8 


MAGE2 


16 


163 


99 


26 


-- 


2.9 




4 


669 


LBARGEALGL 


10 


MAGE2 


16 


81 


184 


277 


2275 


4.1 


3046 


4 


670 


LEAROEALGLV 


11 


MAGE2 


16 


158 


198 


345 


- 


13 


1912 


4 


07 1 


VEJLVHFlL 


8 


MAGE2 


114 


5.0 


69 


31 


3322 


1.2 


2427 


4 


672 


\rDff \/UDI T t 


9 


MAGB2 


114 


71 


79 


31 


559 


3.1 


1129 


4 


Of J 


P DI>\rTV A DK if 
KtSl'V IKADiVl 


9 


MAGB2 


127 


60 


40 


284 


6577 


4.5 


832 


4 




lUUr V 1 JWVDiVLLt 


10 


MAGB2 


127 


88 


23 


264 


763 


21 


917 


4 


Of J 


IDV VuVYcl 


A 

5r 


MA0B2 


164 


11 


4.7 


60 


11313 


13 


6423 


4 


676 


VBWPKHI 




Kit AniM 


107 


149 


2.8 


66 


9082 


2.3 


13.803 


4 


678 


VEWPKHLYn 


19 


K/f Anno 


10/ 


lyi 


20 


17 


935 


3.2 


1926 


4 


679 


VEWPKHLYILV 


n 

A J 




10/ 




373 


t 1 A 
110 


562 


25 


839 


4 


680 


WBELSMLEV 


Q 


MAflR? 


AM 


7n 

/U 


Zi /4 


37 


657 


2.5 


134 


4 


6B1 


EBLSMLBVF 


9 


MAnP9 

IVl/WJCZ 




1 A 






22 


2,8 


1013 


4 


682 


QBPHISYPPL 


10 






/AJ*I> 


7 A 




120l> 


0.71 


380 


4 


683 


EBOLBARGBAL 


11 


MAGB2 


13 




JUU 


0 to 


ZCI3U 


19 


1812 


3 


684 


GEAU3LVGA 


9 


MAGB2 


20 


9529 


510 


34 






1*7 


3 


685 


GBALGLVGAQA 


U 


MAGE2 


20 


877 


4293 


52 


3575 


1.4 


28 


3 


686 


EEQQTASSSSTL 


12 


MAGB2 


34 


8999 


301 


2287 


160 


570 


205 


3 


687 


QBBBGPRM 


8 


MAGE2 


90 


298 


11,598 


431 • 


19^5 


118 


6730 


3 


688 


QEBBQPRMP 


9 


MAGB2 


90 


414 


626 


7747 


237 


409 


2171 


3 


689 


VBLVHFLLUCY 


11 


MAGB2 


114 


52 


550 


294 


1551 


49 


1790 


3 




^LBSVLW^CQPP.. 


uL. 


.MAGB2.. 


. 136. 


. M .... 


.5409. . . 


.-3458 . 


209 - 


-76 


. 15.241- 


.. 3 


691 


IBWBWPISHLY 


13 


MAGB2 


164 


108 


1191 


610 


214 


123 


2639 


3 


692 


VBWPKHLY 


10 


MAGB2 


167 


99 


11^22 


4385 


13 


346 


6776 


3 


693 


PBORBDSVP 


9 


MA0E2 


231 


9.8 


2366 


348 


4434 


13 


3339 


3 



216 



wo 2004/052917 



PCT/US2003/038949 



Seq 
ID NO 


Sequence 


AA 


Protein 


Position 


1801 


B* 

4001 


B* 

4002 


B* 

4402 


B* . 
4403 


4501 




094 


BGULBAKuBA 


10 


MAGE2 


13 


1077 


3434 


3227 


216 


684 


30 


2 


695 


LBAROBALG 


9 


MAGB2 


16 


155 


1161 


3006 




24 


2688 


2 


696 


VBVTLOEVPAA 


11 


MAGE2 


46 


124 




919 




44 


1583 


2 


697 


EBBGPRMPPDL 


11 


MA0B2 


91 


1011 


2646 


3470 


3273 


131 


209 


2 


698 


SBPQAAI 


7 


MAGE2- 


103 


181 


6830 


779 


2660 


33 


9597 


2 


699 


REPVTKABMLESV 


13 


MA0B2 


127 


2495 


253 


605 


4546 


40 


4579 


2 


700 


IBGDCAPBEKI 


U 


MA0B2 


211 


844 


" 


~ 


2627 


486 


183 


2 


701 


BBKIWBBL 


8 


MAGB2 


218 


753 


9084 


2599 


12.420 


104 


171 


2 


702 


BBKIWBBL5ML 


11 


MAGB2 


218 


1641 


4978 


- 


1862 


375 


181 


2 


703 


LEVFEGREDSV 


11 


MAQE2 


228 


639 


2624 


295 




46 


- 


2 


704 


FEGRBDSVPA 


10 


MAGB2 


231 


242 


- 


4775 


6879 


192 


503 


2 


705 


PBBOLBARG 


9 


MAGE2 


12 


1252 


292 


- 




2094 


1967 


1 


706 


EBQQTASSSST 


11 


MAGB2 


34 


752 


2306 


- 


5910 


1552 


134 


1 


707 


QBBBOPRMFPDL 


12 


MAGE2 


90 


4178 


1769 


2931 


2186 


394 


1200 


1 


708 


EBEOFIUvfF 


8 


MA0B2 


91 


723 


12,281 


- - 


2406 


213 


943 


1 


709 


SBYLQLV 


7 


MAGE2 


155 


1375 


7777 


658 


733 


21 


930 


1 


710 


PEBKIWBEL 


9 


MAGB2 


217 


577 


19,449 


3908 


2893 


235 


17,345 


1 


711 


GEPHISY 


7' 


MAGE2 


295 


8833 


12,272 


6716 


- 


272 


- 


1 


712 


PBEGLBARGEA 


11 


MAGE2 


12 


15,209 




18,624 




950 


3193 


0 


713 


EEOLBARGEALOL 


13 


MAGE2 


13 


8199 


3694 


18.543 


2515 


4468 


5856 


0 


714 


DBQSSNQBEEG 


11 


MAGE2 


84 


10.836 








2125 




0 


715 


PBEKIWEELSM 


11 


MAQE2 


217 


6039 




18,680 




985 


15^00 


0 


716 


WEELSML 


7 


MAGB2 


222 


1268 


781 


740 




610 




0 


717 


WEELSML 


7 


MAGB2 


234 


17,670 


10,408 






2010 


15,074 


0 


718 


WEELSML 


7 


MAGE2 


252 


8292 


6581 




2999 


10,009 


2724 


0 



217 



wo 2004/052917 



PCT/US2003/038949 



Table 30: MAGE3-defived B44 



SEQ 
ID NO 


Sequence 


AA 


Protein 


Position 


B» 

1801 


B* 
4001 


B* 

4002 


B* 

4402 


B*' 
4403 


B* 
4501 


L/cgcncTacy 


f ly 




10 


MACE3 


36 


144 


49 


47 


56 


13 


287 


6 


720 




n 

y 


MAGB3 


101 


5.4 


19 


16 


95 


1.0 


113 


6 




ADi \/iJin t t 


9 


MAGB3 


114 


160 


25 


3.1 


18 


0.94 


141 


6. 


ILl 


McVDPlGHL 


9 


MAGB3 


167 


14 


1.6 


21 


165 


1.7 


247 


6 


ton 

7Z3 


MEVDPIOHLYI 


11 


MAGB3 


167 


9.8 


34 


16 


64 


0.91 


95 


6 


724 


AELVHFLL 


8 


MAGB3 


114 


120 


71 


6.8 


1186 


0.16 


452 


5 


725 


ABLVHFLLLKY 


n 


MAaE3 


114 


153 


32 


39 


178 


1.6 


670 


5 


726 


AEMLGSVVG 


9 


MA0E3 


133 


96 


1899 


109 


19 


1.6 


11 


5 


727 


BBKIWBBLSV 


10 


MA0E3 


218 


449 


8947 


.79 


396. 


17 


17 


5 


728 


WBBLSVLBVF 


10 


MAGB3 


222 


14 


75 


37 


14 


13 


1701 


5 


729 


VETSYVKVL 


9 


MA0E3 


279 


87 


7.8 


57 


80 


1.1 


2687 


5 


730 


EBGPSTFPDL 


10 


- MAGB3 


92 


165 


655 


591 


198 


127 


128 


4 


731 


lELMBVDPl 


9 


MAGE3 


164 


78 


296 


252 


4042 


3.1 


11.937 


4 


732 


MBVDPIGHLY 


10 


MAGB3 


167 


14 


617 


625 


11 


99 


169 


4 


733 


BEKIWEELSVL 


It 


MA0E3 


218 


133 


25 


1255 


1416 


58 


218 


4 


734 


EELSVLBVF 


9 


MAGB3 


223 


7.3 


75 


3314 


99 


12 


2120 


4 


735 


EBEGPSTF 


8 


MA0B3 


91 


201 


1008 


435 


3933 


27 


1819 


3 


736 


EEEOPSTFPDL 


11 


MA0B3 


91 


935 


431 


2120 


2685 


102 


158 


3 


737 


WEBLSVLEV 


9 


MAGB3 


222 


8.0 


2479 


158 




2.6 


538 


3 


738 


FEGREDSIL 


9 


MAGB3 


231 


1091 


4.9 


439 


1925 


11 




3 


739 


FBORBDSILG 


10 


MAGE3 


231 


229 


460 


4361 


8534 


172 


110 


3 


740 


QEAASSSST 


9 


MAGB3 


36 


1422 




1480 


3823 


41 


2 


741 


RBGDCAPBEKI 


11 


MA0E3 


211 


973 


2418 


830 


4038 


42 


146 


2 


742 


LBVFEGREDSl 


11 


MA0E3 


228 


4745 


206 


512 




69 




2 


743 


FBGREDSI 


8 


MAGB3 


231 


5763 


718 


127 


14,181 


13 


2291 


2 


744 


QEEEGPSTF 


9 


MAGE3 


90 


841 




16.118 


324 


529 


2450 


1 


745 


mUvlEVDPIG 


10 


MAGE3 


164 


506 


6592 


5325 


222 




7604 


1 
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Table 31. Hepatitis B Virus Core Protein (SEQ ID NO: 754) 

MQLFHLCLIISCSCPTVQASKLCliGWLWGMDIDPYKEFGATVELLSFLPSDFFPSV 
RDLLDTASALYREALESPEHCSPHHTALRQAILCWGELMTLATWVGVNLEDPASR 
DLVVSYVNTNMGLKFRQLLWFHISCLTFGRETVIEYLVSFGVWIRTPPAYRPPNAPIL 
STLPETTWRRRGRSPRRRTPSPRRRRSQSPRRRRSQSRESQC 



59887_l.DOC 
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TABLE 32: Population coverage by allelic family 



Phenotyp.ic frequencies by supertype family 

Minimal Population Coverage 



AUeUe 


Cauc. 


Blk. 


Jpn. 


Chn. 


His. 


Avg. 


A2sup 


45.8 


39.0 


42.4 


45.9 


43.0 


43.2 


A3 sup 


37.5 


42.1 


45.8 


52.7 


43.1 


44.2 


B7sup 


38.6 


52.7 


48.8 


35.5 


47.1 


44.7 


Al specific 


28.6 


10.1 


1.4 


9.2 


10.1 


11.9 


A24 specific 


16.8 


8.8 


58.1 


32.9 


26.7 


28.7 



Scenarios: 

A A3 super, B7 super, Al & A24 

B A3 super, B7 super, Al, A24 & A2 

super 

C A3 super, Al & 
A24 

D A3 super, A1,A24&A2 super 



Phenotypic frequencies of combined supertype families 

Minimal Population Coverage 



Scenario 


Cauc 


Blk. 


Jpn. 


Chn. 


His. 


Avg. 


A 


81.6 


79.1 


92.7 


86.4 


83.5 


84.7 


B 


95.1 


90.6 


99.1 


97.5 


94.8 


95.4 


C 


70.0 


55.9 


85.8 


78.9 


68.8 


71.9 


D 


92.0 


80.2 


98.2 


96.2 


90.1 


91.3 
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TABLE 32: Population coverage by allelic family (cont'd) 



Phenotypic frequencies by supertype family 

Minimal Population Coverage 



AUeUe 


Cauc. 


Blk. 


Jpn. 


Qui. 


His. 


Avg. 


A3 super 


37.5 


42.1 


45.8 


52.7 


43.1 


44.2 


■ B7 super 


38.6 


52.7 


48.8 


35.5 


47.1 


44.7 


Al specific 


28.6 


10.1 


1.4 


9.2 


10.1 


11.9 


A24 specific 


16.8 


8.8 


58.1 


32.9 


26.7 


28.7 



Scenarios: 

A A3 super & B7 super 

B A1& 
A24 

C A3 super, Al &A24 

D B7 super, A1&A24 

E A3 super, B7 super, Al & A24 



Phenotypic frequencies, of combined supertype families 

Minimal Population Coverage 



Scenario 


Cauc. 


Blk. 


Jpn. 


Chn. 


His. 


Avg. 


A 


61.6 


72.6 


72.3 


69.5 


69.9 


69.2 


6 


42.7 


18.4 


59.0 


40.4 


35.3 


39.2 


C 


70.0 


55.9 


85.8 


78.9 


68.8 


71.9 


D 


64.8 


61.4 


79.0 


61.5 


65.8 


66.5 


E 


81.6 


79.1 


92.7 


86.4 


83.5 


84.7 
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TABLE 32: Population coverage by allelic family (cont'd) 

Phenotypic frequencies by supertype family 

Minimal Population Coverage 



AUelle 


Cauc. 


Blk. 


Jpn. 


Om. 


His, 


Ave 


A2sup 


45.8 


39.0 


42.4 


45.9 


43.0 


43.2 


A3 sup 


37.5 


42.1 


45.8 


52.7 


43.1 


44.2 


B7sup 


38.6 


52.7 


48.8 


35.5 


47.1 


44.7 


Al specific 


28.6 


10.1 


1.4 


9.2 


10.1 


11.9 


A24 specific 


16.8 


8.8 


58.1 


32.9 


26.7 


28.7 


Al super 


47.1 


16.1 


21.8 


14.7 


26.3 


25.2 


A24 super 


23.9 


38.9 


58.6 


40.1 


38.3 


40.0 



Scenarios: 

A A2 super, A3 super, B7 super 
B A2 super, A3 super, Al, A24 

C . A2 super, A3 super, Al, A24, B7 super 
D A2 super, A3 super, Al super, A24 super 
. E A2 super, A3 super, Al super, A24 super, B7 super 



Phenotypic frequencies of combined supertype families 

Minimal Population Coverage 



Scenario 


Cauc. 


Blk. 


Jpn. 


Chn. 


His. 


Avg. 


A 


83.0 


86.1 


87.5 


88.4 


86.3 


86.2 


6 


92.0 


80.2 


98.2 


96.2 


90.1 


91.3 


C 


95.1 


90.6 


99.1 


97.5 


94.8 . 


95.4 


D 


98.4 


94.2 


99.9 


98.5 


97.6 


97,8 


E 


99.0 


97.3 


100.0 


99.1 


98.8 


98.8 
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Table 33: Examples of Fragments 

CEA Fragments 

SEQ ID NO:754 (fragment comprising at least SEQ ID N0:I6I (bold/underlined) ) 
MESPSAPPHRWCIPWQRLLLTASLLTFWNPPTTAKLTIESTPF^ 

PQHLFGYSWYKGERVDGNRQnGYYIGTQQATPGPAYSGREIIYPNASLLIQNUQNDT 

GFYTLHVKSDLVNEBATGQFRVYPElJKPSISSNNSKPVro 

YLWVNNQSU>VSPRLQl^NONRTLTIJWni^ 

iyCGPDAPTISPLOTSYRSGEl^hnLSCHAASNPPAQYSWFVNGTO^ 

IWSGSYTCQAHNSDTGLNRTTVrrrrVYAEPPKPFITSNNSNP^^ 

hnTYLWVNNQSLPVSPRLQI^l^NRTLTLI^VT^^ 

SEQ ID NO:755 (fragment comprising at least SEQ ID NO: 1 82 (bold/underlined) ) 
PDSSYI^GANU^ CHSASI^SPOY SWRINrTTPOOHTOVT TTTATnrPMM^qTYACFVgN 
LATGRNNSIVKSrrVSASGTSPGLSAGATVGIMIGVLVGVALI 

SEQ ID NO:736 (fragment comprising at least SEQ ID N0:I8I (bold/underlined) ) 
SA NRSDPVrLDVLY GPDTP 

HER2/neu Fragments 

SEQ ID NO:757 (fragment comprising at least SEQ ID NO: 1 89 (bold/underlined) ] 
MPNQAQMRILKETEIJRX\^VLGSGAFGTVYKGIWIPDGEN^ 
NKEnJDEAYVMAGVGSPYVSRLLGICLTSTVQLVTQLMPYGO^ 
DIXNWCMQIAKGMSYL£DVRLV^mDLAAR^m-VKSP^^ 

YHADGGKVPIKWMAT .PPP PTWnQnvwQvriVTvwur urmn a rm-^^T^^rrm a tit^tt^t^ 



YHADGGKWIKWMALESILRRRFraQSDVWSYG\a^^ 
LI^KGERIPQPPICTroVYMMVKCWMmSEO^ 

EDLGPASPLDSTFYRSLI^DDDMGDLVDAEEYLVPQQGFFCPDPAPGAGGMVHHRH 

RSSSTRSGGGDLTLGI^PSEEEAPRSPLAPSEGAGSDVFDGDLGMGAAKGLQSLPTHD 

PSPLQRYSEDPT\TIJ>SETDGYVAPLTCSPQPEYVNQPDVI^QPPSPRBGPU>AA^ 

ATIJSRPKTI^PGKNGWKDVFAFGGAVBNPEYLTPQGGAAPQPHPPPAFS^ 

YWDQDPPERGAPPSTFKGTPTAENPEYLGLDVPV 



SEQ ID NO:758 (fragment comprising at least SEQ ID NO:20I (bold/underlined) ) 
MVHHRHRSSSTRSGGGDLTLGI^SEEEAPRSPLAPSEGAGSDVFDGDLG 
QSIJ>THDPSPLQRYSEDPTWIPSETDGYVAPLTCSPQPEYVNQPDV^ 
PAAia>AGATLERPKTI^GKNGVVKDWAFGGAVENPBYL 

PAFT)NLYYW DQDPPERnAPP5m?gOTPTAPKrpmnr m r^wy ^ 

SEQ ID NO:75 9 (frag ment comprising at least SEQ ID NO: 191 (boWunderUned) ) 
MAI^njRR RFTHOSDVWSY GVTVWEL 

MAGE-2/3 Fragments 

SEQ ID NO:760 (MAGE'2 fragment comprising at least SEQ ID NO:2I9 (bold/underlined) ) 

MPKTGII.IIVLAIIAmGDCAPEEKIWEEI^MLB\^GRm 

YLBYRQWGSDPACYEFLWGPRAUETSYVKVLHHTmGGE^ 
E 

SEQ ID NO:76I (MAGES fragment comprising at least SEQ ID NO:22I (bold/underlined) ) 

MFIJSQRSQHCKPEEGI^ARGEALGLVGAQAPATOEQEAASSSSTLVEVT^ 

SPDPPQSPQGASSymM^ 

LVHFII.IJKYRAREPVTKAB1^ 



223 



wo 2004/052917 



PCT/US2003/038949 



SEQ ID NO:762 (MAGE-3 fragment comprising at least SEQ ID NO:233 (boWunderlined)) 
K LLTOHFVQENYI.R Y "~ ' 

p53 Fragments 

SEQ ID NO:763 (fragment comprising at least SEQ ID NO:239 (bold/underlined) ) 

MDDU^PDDffiQWFreDPGPDEAPRMPEAAPPVAPAPAAFITAAPAPAPSWP 
PSQKTYQGSYGFRLGFLHS GTAKSVTCTY SPALNKMPrQT . AKTrPVOT wvnQTi>pp 

GTRVRAMAIYKQSQHl^EWRRCPHHERCSDSDGLAPPQHLIRVEG^a.RVE^^ 

hnPRHSVYWYEPPEVGSDCITIHYNYMCNSSC^ 

NSFEVRVCAOPGRDRRTEEBNUlKKGBPHHEli^PGSTK^ 

EYFII.QIRGRERFEMFRELNEAmJCDAQAGKEPGGSRAHSSH^^ 
LMFKTEGPDSD 

SEQ ID NO:764 (fragment comprising at least SEQ ID NO:239 (bold/underlin ed)) 
HS GTAKSVTCTY SPALNKM 

SEQ ID NO:765 (fragment comprising at least SEQ ID NO:244 (bold/underUned) ) 

MFCQLAKTCPVQLWVDSTPPPGTRVRAMATYKQSQHMTEVVRR^^ 

APPQHLIRVEGmjRVEYLDDRNTFRHSVVVPYEPP 
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WHAT IS CLAIMED IS: 

1 . An isolated peptide selected from the group consisting of: 

(a) a peptide comprising at least 1 epitope or analog selected 
from the group consisting of: SEQ ID Nos: 42-36 1 , but 
excluding SEQ ID NO:42, 60, 62, 67, 82, 86, 101, 116, 153, 
362, 230, 265, 290, 321, 334, and 345; 

(b) a peptide comprising at least 2 epitopes or analogs selected 
from the group consisting of the epitopes and analogs in 
Table 16a; 

(c) a peptide comprising at least 3 epitopes or analogs selected 
from the group consisting of the epitopes and analogs in 
Table 16b; 

(d) a peptide comprising at least 4 epitopes or analogs selected 
from the group consisting of the epitopes and analogs in 
Table 16c; 

(e) a peptide comprising at least 2 epitopes or analogs selected 
from the group consisting of the epitopes and analogs in 
Table 16d; 

(f) a peptide comprising at least 1 epitope or analog selected 
from the group consisting of the epitopes and analogs in 
Table 17a; 

(g) a peptide comprising at least 1 epitope or analog selected 
from the group consisting of the epitopes and analogs in 
Table 17b; 

(h) a peptide comprising at least 3 epitopes or analogs selected 
. from the group consisting of the epitopes, and analogs in 

Table 17c; 
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(i) a peptide comprising at least 1 epitope or analog selected 
firom the group consisting of the epitopes and analogs in 
Table 17d; 

(j) a peptide comprising at least 1 epitope or analog selected 
from the group consisting of the epitopes and analogs in 
Table 18a; 

(k) a peptide comprising at least 1 epitope or analog selected 
from the group consisting of the epitopes and analogs in 
Table 18b; 

(1) a peptide comprising at least 2 epitopes or analogs selected 
from the group consisting of the epitopes and analogs m 
Table 18c; 

(m)a peptide comprising at least 1 epitope or analog selected 
from the group consisting of the epitopes and analogs in 
Table 18d; 

(n) a peptide comprising at least 3 epitopes or analogs selected 
from the group consisting of the epitopes and analogs in 
Table 19a; 

(o) a peptide comprising at least 1 epitope or analog selected 
from the group consisting of the epitopes and analogs in 
Table 19b; 

(p) a pqptide comprising at least 4 epitopes or analogs selected 
from the group consisting of tiie epitopes and analogs in 
Table 19c; 

(q) a peptide comprising at least 1 epitope or analog selected 
from the group consistiag of the epitopes and analogs in 
Table 19d; 

(r) a peptide comprising at least 7 epitopes or analogs selected 
from the group consisting of the epitopes and analogs in 
TaBle20y 
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2. 
3. 
4. 



(s) a pq)tide comprising at least 2 epitopes or analogs selected 
from the group consisting of the epitopes and analogs in 
Table 21; 

(t) a pq)tide comprising at least 2 epitopes or analogs selected 
from the group consisting of the epitopes and analogs in 
Table 22; 

(u) a peptide comprising at least 6 epitopes or analogs selected 
from the group consisting of the epitopes and analogs in 
Table 23; 

(v) a peptide comprising at least 1, 2, 3, 4, 5, or 6 epitopes or 

analogs selected from the group consisting of the epitopes 

and analogs in Table 26; 
(w) a peptide comprising at least 1, 2, 3, 4, 5, or 6 epitopes or 

analogs selected from the group consisting of the epitopes 

and analogs in Table 27; 
(x) a peptide comprising at least 1, 2, 3, 4, 5, or 6 epitopes or 

analogs selected from the group consisting of the epitopes 

and analogs in Table 28; 
(y) a peptide comprising at least 1, 2, 3, 4, 5, or 6 epitopes or 

analogs selected from the group consisting of the epitopes 

and analogs in Table 29; and 
(z) a peptide comprising at least 1, 2, 3, 4, 5, or 6 epitopes or 

analogs selected from the group consisting of the epitopes 

and analogs in Table 30. 

The peptide of claim 1, which comprises at least 2 of said 

epitopes or analogs. 
I 

The peptide of claim. 1, which comprises at least 3 of said 
epitopes or analogs. 

The peptide of claim 1, which comprises at least 4 of said 
epifopes of mdogsT ~~ 
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5. The peptide of claim 1, which comprises at least 5 of said 
epitopes or analogs. 

6. The peptide of claim 1 , which comprises at least 6 of said 
epitopes or analogs. 

7. The peptide of claim 1 , which comprises at least 7 of said 
epitopes or analogs. 

8. The peptide of claim 1, which comprises at least 8 of said 
epitopes or analogs. 

5. The peptide of claim 1, which comprises at least 9 of said 
epitopes or analogs, 

10. An isolated peptide comprising (a) an epitope or analog 
selected from the group consisting of: SEQ ID NO:42, 60, 62, 
67, 82, 86, 101, 116, 153, 362, 230, 265, 290, 321, 334, and 
345; and (b) an epitope or analog selected from the group 
consisting of: SEQ ID NO:41-59, 61, 63-66, 68-81, 83-85. 87- 
100, 102-115, 117-152, 154-229, 231-264,266-289, 291-320, 
322-333, 335-344, and 346-361. 

11. An isolated peptide comprising (a) an epitope or analog 
selected from the group consisting of: SEQ ID NO:42, 60, 62, 
67, 82, 86, 101, 116, 153, 362, 230, 265, 290, 321, 334, and 
345; and (b) an epitope or analog selected from the group 
consisting of: SEQ ID NO:368-745. 

12. An isolated peptide comprising (a) an epitope or analog 
selected from the group consisting of: SEQ ID NO: 1-25; and 
(b) an epitope or analog selected from the group consisting of: 
SEQ ID NO:41-59, 61, 63-66, 68-81, 83-85, 87-100, 102-115, 
117-152, 154-229, 231-264, 266-289, 291-320, 322-333, 335- 
344, and 346-361. 

13. An isolated peptide comprising (a) an epitope or analog 
TelectedlronTtiiegroi^^ 
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(b) an qjitope or analog selected from the group consisting of: 
SEQIDNO:368-745. 
14. An isolated peptide selected from the group consisting of: 

(a) a peptide comprising at least 2 epitopes or analogs selected 
from the group consisting of: SEQ ID NO:42, 44, 46, 51, 
52, 54, and 55; 

(b) a peptide comprising at least 4 epitopes or analogs selected 
from the group consisting of: SEQ ID NO: 57, 60, 62, 67, 
68, 69, 70, 73, and 75; 

(c) a peptide comprising at least 2 epitopes or analogs selected 
from the group consisting of: SEQ ID NO:77, 82, 90, 91, 
96, 99, 102, and 103; 

(d) a peptide comprising at least 2 epitopes or analogs selected 
from the group consisting of: SEQ ID NO:104, 107, 1 1 1, 
114,116, 119, and 124; 

(e) a peptide comprising at least 1 epitope or analog selected 
from the group consistmg of: SEQ ID NO:133, 136, and 
155; 

(f) a peptide comprising at least 2 epitopes or analogs selected 
from the group consisting of: SEQ ID NO:140, 146, and 
153; 

(g) a peptide conq)rising at least 1 epitope or analog selected 
from the group consistmg of: SEQ ID NO: 161, 167, 170, 
172, 178, 180, 181, and 182; 

Qi) a peptide comprising at least 1 epitope or analog selected 
from the group consisting of: SEQ ID NO: 186, 188, 189, 
191, 194, 198, 200, 201, and 208; 

(i) a peptide comprising at least 2 epitopes or analogs selected 
from the group consisting of: SEQ ID N0:21 1, 216, 219, 
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0) a peptide cx)mpiising at least 1 epitope or analog selected 
from the group consisting of: SEQ ID NO:238, 239, 240, 
242, and 246; 

(k) a peptide comprising at least 3 epitopes or analogs selected 
^ from the group consisting of: SEQ ID NO:256, 263, 265, 

269, 272, 278, 279, 281, 282, 285, 287, and 290; 
0) a peptide comprising at least 1 epitope or analog selected 

from the group consisting of: SEQ ID NO:292, 293, 304, 

305, 308, and 3 10; 
(m)a peptide comprising at least 4 epitopes or analogs selected 

from the group consisting of: SEQ ID NO:316, 321, 324, 

345, 331-336, 344, 345, and 351; 
(n) a peptide comprising at least 1 epitope or analog selected 

from the group consisting of: SEQ ID NO:356 and 361. 

15. The peptide of any one of claims 1-14, which comprises an 
HTL peptide. 

16. A compsition comprising the peptide of any of claims 1-15, and 
a diluent. 

17. A composition comprising: 

(aa) at least 1 epitope or analog selected from the group 
consisting of: SEQ ID Nos: 42-361, but excluding SEQ ID 
NO:42, 60, 62, 67, 82, 86. 101, 116, 153, 362, 230, 265, 
290, 321, 334, and 345; 

(bb) at least 2 epitopes or analogs selected from the group 
consisting of the epitopes and analogs in Table 16a; 

(cc) at least 3 epitopes or analogs selected fit)m the group 
consisting of the q>itopes and analogs in Table 16b; 

(dd) at least 4 epitopes or analogs selected from the group 
coBsisting-ofthe-epitopes-andanalogs-inTable-l^c; 
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(ee) at least 2 epitopes or analogs selected fix)m the group 

consisting of the epitopes and analogs in Table 16d; 
(ff) at least 1 epitope or analog selected from the group 

consisting of the epitopes and analogs in Table 17a; 
(gg) at least 1 epitope or analog selected from the group 

consisting of the epitopes and analogs in Table 17b; 
(hh) at least 3 epitopes or analogs selected from the group 

consisting of the epitopes and analogs in Table 17c; 
(ii) at least 1 epitope or analog selected from the group ' 

consisting of the epitopes and analogs in Table 17d; 
Gj) at least 1 epitope or analog selected from the group 

consisting of the epitopes and analogs in Table 18a; 
(kk) at least 1 epitope or analog selected from the group 

consisting of the epitopes and analogs in Table 18b; 
(U) at least 2 epitopes or analogs selected from the group 

consisting of the epitopes and analogs in Table 18c; 
(mm) at least 1 epitope or analog selected from the group 

consisting of the epitopes and analogs in Table 18d; 
(nn) at least 3 epitopes or analogs selected from the group 

consisting of the q)itopes and analogs in Table 19a; 
(oo) at least 1 epitope or analog selected from the group 

consisting of the epitopes and analogs in Table 19b; 
(pp) at least 4 epitopes or analogs selected fix>m the group 

consisting of the epitopes and analogs in Table 19c; 
(qq) at least 1 epitope or analog selected from the group 

consisting of the epitopes and analogs in Table 19d; 
(rr) at least 7 epitopes or analogs selected from the group . - 

consisting of the epitopes and analogs in Table 20; 
(ss)at least 2 epitopes or analogs selected from the group 

consisting of the epitopes and analogs in Table 21; 
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(tt) at least 2 epitopes or analogs selected jfrom the group 

consisting of the epitopes and analogs in Table 22; 
(uu) at least 6 epitopes or analogs selected from the group 

consisting of the epitopes and analogs in Table 23; 
(w) at least 1, 2, 3, 4, 5, or 6 epitopes or analogs selected 

from the group consisting of the epitopes and analogs in 

Table 26; 

(ww) at least 1, 2, 3, 4, 5, or 6 epitopes or analogs selected 
from the group consisting of the epitopes and analogs in 
Table 27; 

(xx) at least 1, 2, 3, 4, 5, or 6 epitopes or analogs selected 
from the group consisting of the epitopes and analogs in 
Table 28; 

(yy) at least 1, 2, 3, 4, 5, or 6 epitopes or analogs selected 
from the group consisting of the epitopes and analogs in 
Table 29; and 

(zz) at least 1, 2, 3, 4, 5, or 6 epitopes or analogs selected 
from the groiq) consisting of the q)itopes and analogs in 
Table 30. 

18. The composition of claim 17, which comprises at least 2 of said 
epitopes or analogs. 

19. The composition of claim 17, which comprises at least 3 of said 
epitopes or analogs. 

20. The composition of claim 17, which comprises at least 4 of said 
q}itopes or analogs. 

2 1 . The conq)osition of claim 1 7, which comprises at least 5 of said 
epitopes or analogs. 

22. The composition of claim 1 7, which comprises at least 6 of said 
epitopes or analogs. 

•~23v Thecomp"osifimWciatirr7,~^ 
epitopes or analogs. 
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24. The cx)mposition of claim 17, which comprises at least 8 of said 
epitopes or analogs. 

25. The composition of claim 17, which comprises at least 9 of said 
epitopes or analogs. 

26. A composition comprising (a) an epitope or analog selected 
from the group consisting of: SEQ ID NO:42, 60, 62, 67, 82, 
86, 101, 116, 153, 362, 230, 265, 290, 321, 334, and 345; and 
(b) an epitope or analog selected from the group consisting of: 
SEQ ID NO:41-59, 61, 63-66, 68-81, 83-85, 87-100, 102-115, 
117-152, 154-229, 231-264, 266-289, 291-320, 322-333, 335- 
344, and 346-361. 

27. A composition comprising (a) an epitope or analog selected 
from the group consisting of: SEQ ID NO:42, 60, 62, 67, 82, 
86, 101, 116, 153, 362, 230, 265, 290, 321, 334, and 345; and 
(b) an epitope or analog selected from the group consisting of: 
SEQIDNO:368-745. 

28. A composition comprising (a) an epitope or analog selected 
from the groiq) consisting of: SEQ ID NO: 1-25; and (b) an 
epitope or analog selected Scorn the groiq) consisting of: SEQ 
IDNO:41-59, 61, 63-66, 68-81, 83-85, 87-100, 102-115, 117- 
152, 154-229, 231-264, 266-289, 291-320, 322-333, 335-344, 
and 346-361. 

29. A composition comprising (a) an epitope or analog selected 
from the group consisting of: SEQ ID NO: 1-25; and (b) an 
epitope or analog selected from the group consisting of: SEQ 
IDNO:368-745. 

30. A composition selected from the group consistiag of: 
(o) at least 2 epitopes or analogs selected from the group 

consisting of: SEQ ID NO:42, 44, 46, 51, 52, 54, and 55; 
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(p) at least 4 q>itopes or analogs selected fixim Hhe gmap 
consisting of: SEQ ID NO: 57, 60, 62, 67, 68, 69, 70, 73, 
and 75; 

(q) at least 2 epitopes or analogs selected fix>m the group 
consisting of: SEQ ID NO:77, 82, 90, 91, 96, 99, 102, and 
103; 

(r) at least 2 epitopes or analogs selected from the group 
consisting of: SEQ ID NO:104, 107, 1 1 1, 1 14, 1 16, 1 19, 
and 124; 

(s) at least 1 epitope or analog selected from the group 

consisting of: SEQ E) NO:133, 136, and 155; 
(t) at least 2 epitopes or analogs selected from the groi^ 

consisting of: SEQ ID NO:140, 146, and 153; 
(u) at least 1 epitope or analog selected from the group 

consisting of: SEQ IDN0:161, 167, 170, 172, 178, 180, 

181, and 182; 

(v) at least 1 epitope or analog selected fiiom the group 

consisting of: SEQ ID NO:186, i88, 189, 191, 194, 198, 

200, 201, and 208; 
(w)at least 2 epitopes or analogs selected from the group 

consisting of: SEQ ID N0:21 1, 216, 219. 221, 228, 230, 

234, and 236; 

(x) at least 1 epitope or analog selected from the group 

consisting of: SEQ ID NO:238, 239, 240, 242, and 246; 
(y) at least 3 epitopes or analogs selected from the group 

consisting of: SEQ ID NO:256, 263, 265, 269, 272, 278, 

279, 281, 282, 285, 287, and 290; 
■ (z) at least 1 epitope or analog selected from the group 

consisting of: SEQ ID NO:292, 293, 304, 305, 308, and 
— 3W 
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(aa) at least 4 epitopes or analogs selected from the group 
consisting of: SEQ ID NO:316, 321, 324, 345, 331-336, 
344, 345, and 351; 

(bb) at least 1 epitope or analog selected &om the group 

consistmg of: SEQ ID NO:356 and 361. 

3 1 . The composition of any of claims 17-30, which further 
comprises an HTL peptide. 
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HLA-Al, -A2, -A3, -A24, -B7, AND -B44 TUMOR ASSOCIATED 
ANTIGEN PEPTIDES AND COMPOSITIONS 



BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] This invention relates to the field of biology. Jn a particular 

embodiment, it relates to peptides, polynucleotides, and compositions usefiil to 
monitor or elicit an immune response to selected tumor-associated antigens. 

Related Art 

[0002] The field of immunotherapy is yielding new approaches for the 

treatmait of cancer, including tl^e development of improved cancer vaccines 
(Krul, ifCG., Decision Resources, 10.1-10.25 (1998)). While vaccines provide 
a mechanism of directing immune responses towards the tumor cells, there are 
a number of mechanisms by which tumor cells circumvent immunological 
processes (PardoU, D. M., Nature Medicine (Vaccine Supplement), 4:525-531 
(1998)). Recent advances indicate that the efficacy of pq)tide vaccines may 
be increased when combined with approaches which enhance the stimulation 
of immxme responses, such as the use of Interleukin-2 or autologous dendritic 
cells (DC) (Abbas et aL, eds., Cellular and Molecular Immunology^ 3^ 
Edition, W. B. Saunders Ctompany, pub. (1997)). 

[0003] In a Phase I study, Muiphy, etaL, demonstrated that Himian Leukocyte 

Antigen (HLA)-A2-binding peptides corresponding to sequences present in prostate 
specific antigen (PSA) stimulated specific cytotoxic T-cell lynq)hocyte (CTL) 
responses in patients with prostate cancer (Murphy et aL, Tlie Prostate 29:371-380 
(1996)). Recently, Rosenberg, et al.y evaluated the safety and mechanism of action of 
a synthetic HLA-A2 binding peptide derived from the melanoma associated antigen, 
gplOO, as a cancer vaccine to treat patients with metastatic melanoma (Rosenberg et 
aL, Nature Med,, 4:321-327 (1998)). Based on immunological assays, 91% of 
patients were successfully immunized with the synthetic peptide. In addition, 42% 
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(13/31) of patients who received the peptide vaccine in combination with IL-2 
treatment, demonstrated objective cancer responses. Finally, Nestle, etal.j reported 
the vaccination of 16 melanoma patients with peptide- or tumor lysate-pulsed DC 
(Nestle et al, Nature Med 4:328-332 (1998)). Peptide-pulsed DC induced immune 
responses in (11/12) patients immunized with a vaccine comprised of 1-2 peptides. 
Objective responses were evident in 5/16 (3 peptide-pulsed, 2 tumor-lysate pulsed) 
evaluated patients in tiiis study. These Phase I safety studies provided evidence that 
HLA-A2 binding peptides of known tumor-associated antigens demonstrate the 
expected mechanism of action. These vaccines were generally safe and well 
tolerated. Vaccine molecules related to four cancer antigens, CEA, HER2/Qeu, 
MAGE2, and, MAGE3 have been disclosed. (Kawashima et aL^ Human Immunology, 
59:1-14(1998)) 

[0004] Preclinical studies have shown that vaccine-pulsed DC mediate anti-tumor 

effects through the stimulation of antigen-specific GIL (Mandelboim et al, Nature 
Med., 1: 1179-1183 (1995); Celluzzd et al., J Exp Med 183:283-287 (1996); Zitvogel 
et al., J Exp Med 183:87-97 (1996); Mayordomo et al. Nature Med 1:1297-1302 
(1995)). CTL directly lyse tumor cells and also secrete an array of c^kmes such as 
interferon gamma (tFNy), tumor necrosis factor (INF) and granulocyte-nmcrophage 
colony stimulating factor (GM-CSF), that further anq>lify the immune reactivity 
against the tumor xells. CTL recognize tumor associated antigras (TAA) in the form 
of a complex con:qx)sed of 8-1 1 amino acid residue peptide epitopes, bound to Major 
Histocompatibitity Complex CMHQ molecules (Schwartz, B. D., The human major 
histocompatibility complex HLA in basic & clinical immunology Stites et al., eds., 
Lange Medical Publication: Los Altos, pp. 52-64, 4* ed.). Peptide epitopes are 
generated through intracellular processing of proteins. The processed peptides bind 
to newly synthesized MHC molecules and the epitope-MHC complexes are expressed 
on the cell surface. These epitope-MHC conq)lexes are recognized by the T cell 
receptor of the CTL. This recognition event is required for the activati(m of CTL as 
well as induction of the effector tunctionys such as lysis of the target tumor cell. 

[0005] MHC molecules are highly polymorphic proteins that regulate T cell 

responses (Schwartz, B, D., llie human major histocompatibility complex HLA in 
basic & clinical immunology Stites et al, eds., Lange Medical Publication: Los Altos, 
pp. 52-64, 4*^ ed.). The species-specific MHC homologues that display CTL epitopes 
in humans are termed HLA. HLA class I molecules can be divided into several 
families or "supertypes" based upon their ability to bind similar repertoires of 
peptides. Vaccines which bind to HLA supertypes such as A2, A3, and B7, will 
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afford broad, non-ethnically biased population coverage. As seen in Table 11, 
population coverage is 84-90% for various ethnicities, with an average coverage of 
the sample ethnicities at 87%. 
[0006] One of tiie main factors contributing to the dynanodc interplay between 

host and disease is the immune response mounted against the pathogen, 
infected cell, or malignant celL In many conditions such inmiune responses 
control the disease. Several animal model systems and prospective studies of 
natural infection in humans suggest that immune responses against a pathogen 
can control the pathogen, prevent progression to severe disease and/or 
eliminate the pathogen. A common theme is the requiremOTt for a 
multispecific T cell response, and that narrowly focused responses appcBX to 
be less effective. 

[0007] In the cancer setting there are several findings that indicate that 

immune responses can impact neoplastic growth: 

[0008] First, thie demonstration in many different animal models, that anti- 

tumor T cells, restricted by MHC class I, can prevent or treat tumors. 

[0009] Second, encouraging results have come from immunotherapy trials, 

[0010] Third, observations made in the course of natural disease correlated the 

.'type and composition of T cell infiltrate within tumors with positive clinical 
outcomes (Coulie PG, et al Antitumor immunity at work in a melanoma 
patient In Advances in Cancer Research. lU-lAl, 1999). 

[0011] Finally, tumors commonly have the ability to mutate, thereby changing 

their immunological recognition. For example, the presence of monospecific 
CTL was also correlated with control of tumor growth, until antigen loss 
emerged (Riker A, et a/.. Immune selection after antigen-specific 
immunothCTapy of melanoma Surgery, Aug: 126(2): 112-20, 1999; Marchand 
M, et al^ Tumor regressions observed in patients with metastatic melanoma 
treated with an antigenic peptide encoded by gene MAGE-3 and presented by 
HLA-Al Int. J. Cancer 80(2):219-30, Jan. 18, 1999). Similarly, loss of beta 2 
microglobulin was detected in 5/13 lines established from melanoma patients 
after receiving immunotherapy at ttie NCI (Restifo NP, et al. Loss of 
functional Beta2 - microglobulin in metastatic melanomas from five patients 
receiving immunotherapy Journal of the National Cancer Institute, Vol. 88 
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(2), 100-108, JaiL 1996). It has long been recognized that HLA class I is 
frequently altered in various tumor types. This has led to a hypothesis that this 
phenomenon might reflect inmnme pressure exerted on the tumor by means of 
class I restricted CTL. The extent and degree of alteration in HLA class I 
expression appears to be reflective of past immune pressures, and may also 
have prognostic value (van Duinen SG, et al^ Level of HLA antigens in 
locoregional metastases and clinical course of the disease in patients with 
melanoma Cancer Research 48, 1019-1025, Feb. 1988; MSller P, et a/., 
Influence of major histocompatibility complex class I and II antigens on 
survival in colorectal carcinoma Cancer Research 51, 729-736, Jan. 1991). 
Taken together, these observations provide a rationale for immunotherapy of 
cancer and infectious disease, and suggest that eflFective strategies need to 
account for the complex series of pathological changes associated with 
disease. 

[0012] The frequency of alterations in class I expression is the subject of 

numerous studies (Algarra I, et al. The HLA crossroad in tumor immunology 
Human Immunology 61, 65-73, 2000). Rees and Mian estimate allelic loss to 
occur overall in 3-20% of tumors, and allelic deletion to occur in 15-50% of 
tumors. It should be noted that each cell carries two separate sets of class I 
genes, each gene carrying one HLA-A and one HLA-B locus. Thus, fully 
heterozygous individuals carry two different HLA-A molecules and two 
diflFerent HLA-B molecules. Accordingly, the actual frequency of losses for 
any specific allele could be as little as one quarter of the overall frequency. 
They also note that, in general, a gradient of e3q)ression exists between normal 
cells, primary tumors and tumor metastasis. Li a study from Natali and 
coworkers (Natali PG, et aL, Selective changes in e;q)ression of HLA class I 
polymorphic determinants in human solid tumors PNAS USA 86:6719-6723, 
September 1989), solid tumors were investigated for total HLA expression, 
using W6/32 antibody, and for allele-specific expression of the A2 antigen, as 
evaluated by use of the BB7.2 antibody. Txmior samples were derived from 
primary cancers or metastasis, for 13 different tumor types, and scored as 
negative if less than 20%, reduced if in the 30-80% range, and normal above 
80%. All tumors, both primary and metastatic, were HLA positive with 
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W6/32. In terms of A2 expression, a reduction was noted in 16.1 % of the 
cases, and A2 was scored as undetectable in 39.4 % of the cases. Garrido and 
coworkers (Garrido F, et aL, Natural history of HLA expression during tumour 
development Immunol Today 14(10):491-99, 1993) en^hasize that HLA 
changes q)pear to occur at a particular step in the progression 6om benign to 
most aggressive. Jiminez et al (Jiminez P, et dl., Microsatellite instability 
analysis in tumors with different mechanisntis for total loss of HLA expression. 
Cancer Immunol Lnmunoth^ 48:684-90, 2000) have analyzed 118 different 
tumors (68 colorectal, 34 laryngeal and 16 melanomas). The frequencies 
reported for total loss of HLA expression were 11% for colon, 18% for 
melanoma and 13 % for larynx. Thus, HLA class I expression is alt^ed in a 
significant fraction of the tumor types, possibly as a reflection of immune 
pressure, or simply a reflection of the accumulation of pathological changes 
and alterations in diseased cells. 

[0013] A majority of the tumors express HLA class I, with a general tendency 

for the more severe alterations to be found in later stage and less differentiated 
tumors. This pattern is encouraging in the context of immunotherapy, 
especially considering that: 1) the relatively low sensitivity of 
inununohistochemical techniques might underestimate HLA expression . in 
tumors; 2) class I expression can be induced in tumor cells as a result of local 
inflammation and lympholdne release; and, 3) class I negative cells are 
sensitive to lysis by NK cells. 

[0014] Recent evidence has shown that certain patients infected with a 

pathogen, whom are initially treated with a therapeutic regimen to reduce 
pathogen load, have been able to maintain decreased pathogen load when 
removed from the therapeutic regimen, i.e., during a '*drug holiday" 
(Rosenberg, E., et al. Immune control of HIV-1 after early treatment of acute 
infection Nature 407:523-26, Sept. 28, 2000) As q)preciated by those skilled 
in the art, many therapeutic regimens for both pathogens and cancer have 
numerous, often severe, side effects. During the drag holiday, the patient's 
inunune system is keeping the disease in check. 
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[0015] Various approaches have, or are, being employed as cancer vaccines. Table 1 

overviews the major cancer vaccine approaches and Ifae various advantages and 
disadvantages of each. 

[0016] Currently there are a number of unmet needs in the area of cancer treatment. 

This is evidenced by the side effects associated with existing therapies employed for 
cancer treatment and the feet that less than 50% of patients are cured by current 
therapies. Therefore, an opportunity exists for a product with the ability to either 
increase response rates, duration of response, overall survival, disease free survival or 
quality of life. 



SUMMARY OF THE INVENTION 



[0017] In some em^bodiments, the invention is directed to an isolated peptide 

comprising or consisting of one or more HLA-Al, -A3, -A24, -B7, and/or B44 
epitopes and/or HLA-Al, -A2, -A3, -A24, -B7, and/or B44 analogs. The 
peptide may comprise mutiple epitopes and/or analogs, and may comprise 
additional amino acids, including other CTL epitopes, HTL epitopes, linkers, 
. spacers, carriers, etc. 

[0018] Jn further embodiments, the invention is directed to polynucleotides 

encoding such peptides. 

[0019] In further embodiments, tibte invention is directed to a composition 

comprising one or more of the above peptides and/or polynucleotides and one 
or more additional components. Additional components include diluents, 
excipients, CTL epitopes, HTL epitopes, carriers, liposomes, HLA heavy 
chains, p2-microglobulin, strepavidin, antigen-presenting cells, adjuvants, etc. 

[0020] In fiirther embodiments, the invention is directed to prophylactic, 

therapeutic, diagnostic, and prognostic methods using the peptides, 
polynucleotides, and compositions of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES 

[0021] Figure 1 depicts that PADRE promotes antigen specific T cell 

responses from human PBMC. In Figure 1, PBMC from three healthy donors 
(donors 431, 397, and 344) were stimulated in vitro. In brief, Ficoll-Paque 
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(Phaimacia LKB) purified PBMC were plated at 4 x 10^ cells/well in a 24- 
well tissue culture plate (Costar). The peptides were added at a final 
concentration of 10 ^ig/ml and incubated at ST'^C for 4 days. Recombinant 
interleukin-2 was added at a final concentration of 10 ng^ml and the cultures 
were fed every tibree days with firesh media and cytokine. Two additional 
stimulations of flie T cells with antigen were performed on approximately days 
14 and 28. The T cells (3x10^ cells/well) were restimulated with 10 \ig/wl 
peptide using irradiated (7500 rads) autologous PBMC cells. Tcell 
proliferative responses were determined using a ^H-thymidine incorporation 
assay. 

[0022] Figure 2 depicts that PADRE-specific proliferative responses are 

induced via peptide vaccination. In Figure 2, two weeks after vaccination, 
PBMC of 4 out of 12 cervical cancer patients (002, 005, 008, and 014) 
displayed proliferation when stimulated in vitro with 5 [ig/wl PADRE peptide 
(4/12= 33% responding patients, 95% mterval 10-65%) (Tx = treatment). The 
proliferation index of multiple wells was calculated as the mean cpm from 
experimeutal wells divided by the mean cpm fix)m control wells. PADRE- 
specific responses were considered positive when the proliferation index 
exceeded 5. ITie variation between replicates was always less than 25% 
(Ressing et al, '^Detection of T helper responses, but not of himan 
papillomavirus-specific cytotoxic T lymphicyte responses, after peptide 
vaccination of captients with cervical carcinoma," J. Immuother 23(2):255-66 
(Mar.-Apr. 2000)). 

[0023] Figure 3 depicts that splenic DC from ProGP -treated mice present 

HBV-derived CTL epitopes to a CTL line. In Figure 3, Splenic DC from 
ProGP-treated HLA-A2.1/K^-H-2^'^ transgenic mice (33 ^g/animal, QD, SC 
for 7 days) were enriched using an anti-CDl Ic antibody (Miltenyi Biotec). B 
cells were isolated firom normal spleen by magnetic separation after treating 
cells with biotinylated anti-CD 19 antibody and Strepavidin-coupled beads 
(Miltenyi Biotec). DC were also generated from bone marrow cells by culture 
with GM-CSF/IL-4. DC or B cells, (1 x 10^ cells) were incubated with 1 x lO"* 
CTL line 1168 and varying concentrations of the HBV Pol 455 peptide in 
Opti-MEM I medium containing 3 ^g/ml p2-microglobulin (Scripps 
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Laboratories). Cells were added to 96-flat bottom well ELISA plates that 
were pre-coated with an anti-IFNy capture antibody. After incubation for 18- 
20 hr at 37 °C, in situ production of IFNy by stimulated line 1168 was 
measured using a sandwich ELISA. Data shown is from one e^qp^ducnent 
Similar results have been obtained in additional e^eriments. Studies were 
performed at Epimmune Inc., San Diego, CA. 

[0024] Figure 4 depicts that splenic DC from ProGP-treated mice induce CTL 

responses in vivo. Jn Figure 4, Splenic DC from ProGP treated HLA-A2.1 
transgenic mice (33 p.g/mouse, QD, SC for 7 days) were pulsed in vitro with 
HBV Pol 455 peptide (10^ cell per ml peptide at 10 \ig/xnl) in Opti-MEM I 
medium (Gibco Life Sciences) containing 3jig/ml p2-microglobulin (Scripps 
Laboratories). After peptide pulsing for 3 hr at room temperature, DC were 
washed twice and 10^ cells were injected IV into groups of three transgraic 
mice. Epitope-pulsed GM-CSF/IL-4 expanded DC and "mock-pulsed" ProGP 
derived DC were also tested for comparison. Seven days after receiving the 
primary immunization with DC, animals were boosted with the same DC 
populations. At fourteen days after the primary inmiunization, spleen cells 
from immunized animals were restimulated twice in vitro in flie presence of 
the Pol 455 peptide. CTL activity following restibmulations was measured 
using a standard ^^Cr release assay in which the lysis of ^^Cr-labeled HLA- 
A2.1-transfected Jurkat target cells was measured in the presence (circle 
symbols) or absence of peptide (square symbols). The data points shown in 
Panels A-C represent a composite of lytic activity from a triplicate set of 
cultures. Panel A, splenic DC from ProGP (SD-9427) treated aninials pulsed 
with the HBV Pol 455 peptide. Panel B, GM-CSF/IL-4 expanded DC pulsed 
with HBV Pol 455 peptide. Panel C, mock-pulsed DC from ProGP treated 
animals. Studies were performed at Epimmune Inc., San Diego, CA. 

[0025] Figure 5 presents a schematic of a dendritic cell pulsing and testing 

procedure. 

[0026] Figure 6 shows that CEA.241K10-specific CTLs recognize analog and 

wildtype peptide-pulsed targets. Individual cultures were tested against EHM 
without peptide (open bar), EHM pulsed with CEA.241K10 (hatched bar) and 
with EHM pulsed with CEA.241 (solid bar). A positive response was 
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50pg/well above background and twice background. Well number 48 is 
negative and is included only for comparison. 
[0027] Figure 7 shows that p53.172B5K10-specific CTLs recognize analog 

and wildtype pq>tide-pulsed targets and transfected tumor target cells. 
Individual cultures were tested against EHM without peptide (open bar), EHM 
pulsed with p53.172B5K10 (hatched bar), and EHM pulsed with p53.172 
(solid bar), SW403 (A3+/p53-, dotted bar) or SW403 transfected with p53 
(A3+/p53+, crosshatched bar). A positive response was defined as one in 
which the specific lysis (sample - background) was 10% or higher. Well 
number 1 is negative and is included only for comparison. 

DETAIIJED DESCRIPTION OF THE ttn/T^ 

[0028] This invention provides peptides that can be used to monitor an immune 

response to a tumor associated antigen or to create a cancer vaccine that stimulates 
the cellular arm of the immune system, especially when one or more peptides are 
combined. In particular embodiments, conapositions mediate immune responses 
. against tumors in individuals who bear at least one allele of HLA-Al, HLA-Al 
supertype, and/or HLA-A2, HLA-A2 supertype, and/or HLA-A3, HLA-A3 siqjertype, 
and/or HLA-A24, HLA-A24 supertype, and/or, -B7, -B7 supertype, and/or --B44, - 
B44 supertype (see Table S for a listing of the members of these and other supertypes 
and types); such conqwsitions will generally be refenred to as Al, A2, A3, A24, B7, 
orB44, compositions (or combinations thereof). 

[00291 An A2, A3, B7, A24, Al, and/or B44 composition may, for example, 

act as a vaccine to stimulate the immune system to recognize and kill tumor 
cells, leading to increased quality of life, and/or disease-free or overall 
survival rates for patients treated for cancer. In a preferred embodiment, a 
composition of the invention such as a vaccine will be administered to HLA- 
A2 or HLA-A2 supertype, HLA-A3 or HLA-A3 supertype, -B7 or -B7 
supertype, B-44 or -B44 supertype, -A24 or -Al positive individuals who 
have a cancer that expresses at least one of the TAAs from which tfie epitopes 
or analogs were selected (e.g., CEA, p53, HER2/neu, MAGE2/3), examples of 
such cancers being breast, colon, lung, and gastric cancers and for MAGE 2/3, 
some melanomas. Alternative embodiments of a vaccine are directed at 
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patients who bear additional HLA alleles, or who do not bear an A2, A3, B7, 
A24, B44, and/or Al allele at all. Thereby, an A2, A3, B7, A24, B44, and/or 
Al vaccine improves the standard of care for patients being treated for breast, 
colon, lung, or gastric cancers, or melanoma. 
[0030] The peptides and corresponding nucleic acids and compositions of the 

present invention are useful for stimulating an immune response to TAAs by 
stimulating the production of CTL and optionally HTL responses, e.g. 
&enqpeutic prophylaxis, and are also useful for monitoring an immune 
response, e.g., diagnosis and prognosis. The peptides, which contain A2, A3, 
B7, A24, Al and/or B44 epitopes derived directly or indirectly (i.e. by 
analoging) from native TAA protein amino acid sequences, are able to bind to 
HLA molecules and stimulate an mmiime response to TAAs. The complete 
sequence of the TAAs proteins to be analyzed can be obtained from GenBank. 
See Table 25. 

[0031] The epitopes of the invention have been identified in a number of 

ways, as will be discussed below. Also discussed in greater detail is that 
analogs have been derived in which the binding activity for HLA molecules 
was modulated by modifying specific amino acid residues to create analogs* 
which ^diibit altered (eg., improved) immunogenicity. Further, the present 
invention provides peptides, polynucleotides, and compositions that are 
capable of interacting with HLA molecules encoded by various genetic alleles 
to provide broader population coverage than prior compositions, for 
prophylaxis, therapy, diagnosis, prognosis, etc. 

Definitions 

[0032] The invention can be better understood with reference to the following 

definitions: 

[0033] Throughout this disclosure, "bindmg data" results are often expressed 

in terms of "ICso's." IC50 is the concentration of peptide m a binding assay at 
which 50% inhibition of binding of a reference peptide is observed. Given the 
conditions in which the assays are run (f.e., limiting HLA proteins and labeled 
peptide concentrations), these values ^proximate Kd values. Assays for 
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determimng binding are described in detail, in PCX publications 
WO 94/20127 and WO 94/03205, and other publications such Sidney et aL, 
Current Protocols in Immunology 18.3.1 (1998); Sidney, et al, J, Immunol 
154:247 (1995); and Sette, et al, Mol Immunol 31:813 (1994). It should be 
noted that ICso values can change, often dramatically, if the assay conditions 
are varied, and depending on the particular reagents used (eg., HLA 
preparation, etc). For example, excessive concentrations of HLA molecules 
will increase the apparent measured IC50 of a given ligand. 
[0034] Alternatively, binding is expressed relative to a reference peptide. 

Although as a particular assay becomes more, or less, sensitive, the ICso's of 
the peptides tested may change somewhat, the binding relative to the reference 
peptide will not significantiy change. For example, in an assay run under 
conditions such that the IC50 of the reference peptide increases 10-fold, the 
IC50 values of the test peptides will also shift approximately 10-fold. 
. Therefore, to avoid ambiguities, the assessment of whether a peptide is a good 
(i.e. hi^), intermediate, weak, or negative binder is generally based on its 
IC50, relative to the IC50 of a standard peptide. The Tables included in this 
application present binding data in a preferred biologically relevant form of 
IC50 nM. 

[0035] Binding may also be detemoined using other assay systems including 

those using: live cells (e.g., Ceppellini et al. Nature 339:392 (1989); 
Christnick et al. Nature 352:67 (1991); Busch et al. Int. Immunol 2:443 
(1990); Hill et al, J. Immunol 147:189 (1991); del Guercio et al, J. Immunol 
154:685 (1995)), cell free systems using detergent lysates (e.g,, Cerundolo et 
aU ^ Immunol 21:2069 (1991)), immobilized purified MHC (e.g., ffiU et al, 
J. Immunol 152, 2890 (1994); Marshall etal, J. Immunol 152:4946 (1994)), 
ELISA systems (e.g., Reay et al, EMBO J. 11:2829 (1992)), surface plasmon 
resonance (e.g., Khilko et al, 1 Biol Cheni. 268:15425 (1993)); high flux 
soluble phase assays (Hammer et al, J. Exp. Med. 180:2353 (1994)), and 
measurement of class I MHC stabilization or assembly {e.g., Ljunggren et al. 
Nature 346:476 (1990); Schumacher et al. Cell 62:563 (1990); Townsend et 
al. Cell 62:285 (1990); Parker et al, J. Immunol 149:1896 (1992)). 
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[00361 As used herein, ^Thigh affinity" with respect to HLA class I molecules 

is defined as binding with an IC50 or Kd value, of 50 nM or less, "intennediate 
affinity" is binding with an IC50 or Kd value of between 50 and about 500 nM, 
weak afiBnity is binding with an IC50 or Kd value of between about 500 and 
about 5000 nM. "High affinity" with repect to binding to HLA class n 
molecules is defined as binding wifli an IC50 or Kd value of 100 nM or less; 
"intermediate afBnity" is binding with an IC50 or Kd value of between about 
100 and about 1000 nM. 

[0037] A "computer" or "computer system" generally includes: a processor 

and related computer programs; at least one information storage/retrieval 
apparatus such as a hard drive, a disk drive or a tape drive; at least one input 
^paratus such as a keyboard, a mouse, a touch screen, or a microphone; and 
display structure, such as a screen or a printer. Additionally, the computer 
may include a communication channel in communication with a network. 
.Such a compute may include more or less than what is listed above. 

[0038] "Cross-reactive bmding" indicates that a peptide is bound by more than . 

one HLA molecule; a synonym is degenerate binding. 

[0039] A "cryptic epitope" eKcits a response by immunization with an isolated' 

peptide, but the response is not cross-reactive in vitro whea intact whole 
protein, which comprises the epitope, is used as an antigen. 

[0040] The tema "derived" when used to discuss an epitope is a synonym for 

'^prepared." A derived epitope can be isolated firom a natural source, or it can 
be synthesized in accordance with standard protocols in the art. Synthetic 
epitopes can comprise artificial amino acids "amino acid mimetics," such as D 
isomers of natural occurring L amino acids or non-natural amino acids such as 
cyclohexylalanine. A derived/prepared epitope can be an analog of a native 
epitope. 

[0041] A "diluent" includes sterile liquids, such as water and oils, includmg 

those of petroleum, animal, vegetable or synthetic origin, such as peanut oil, 
soybean oil, mineral oil, sesame oil and the like. Water is a preferred diluent 
for pharmaceutical compositions. Saline solutions and aqueous dextrose and 
glycerol solutions can also be employed as diluents, particularly for injectable 
solutions. 
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[0042] A "dominant epitope" is an epitope fhst induces an immune response 

\^n immunization with a whole native antigen (see, e.g., Sercarz, et aL, 
AnntL Rev. Immimol 11:729-766, 1993). Such a response is cross-reactive in • 
^ntro with an isolated peptide epitope. 

[0043] An "epitope" is Ae collective features of a molecule, such as primary, 

secondary and tertiary peptide structure, and charge, that together fonn a site 
recognized by an immunoglobulin, T cell receptor or HLA molecule. 
Alternatively, an epitope can be defined as a set of amino acid residues which 
is involved in recognition by a particular immunoglobulin, or in the context of 
T cells, those residues necessary for recognition by T cell receptor proteins 
and/or Major Histocompatibility Complex (MHC) receptors. Epitopes are 
present in nature, and can be isolated, purified or otherwise prepared/derived 
by humans. For example, epitopes can be prepared by isolation firom a natural 
source, or they can be synthesized in accordance with standard protocols in the 
art. Synthetic epitopes can comprise artificial amino acids, "amino acid 
mimetics," such as D isomers of naturally-occurring L amino acids or non- 
naturally-occurmg amino acids such as cyclohexylalanine. Throughout this 
disclosure, epitopes may be referred to in some cases as peptides. The 
epitopes and analogs of the invention are set forth in Tables 16A-23 and B44 
Table. 

[0044] It is to be appreciated that proteins or peptides fliat comprise an q)itope 

or an analog of the invention as well as additional amino acid(s) are still 
within the bounds of flie mvention. In certain embodiments, the peptide 
comprises a fiagment of an antigen. A "firagment of an antigen" or "antigenic 
Augment" or simply "fragment" is a portion of an antigen which has 100% 
identity with a wild type antigen or naturally-ocurring variant thereof The 
fi:agment may or may not comprise an epitope of the invention. The fragment 
may be less than or equal to 600 amino acids, less than or equal to 500 amino 
acids, less than or equal to 400 amino acids, less than or equal to 250 amino 
acids, less than or equal to 100 amino acids, less than or equal to 85 amino 
acids, less than or equal to 75 amino acids, less t h an or equal to 65 amino 
acids, or less than or equal to 50 amino acids in length. In certain 
embodunents, a fragment is e.g., less than 101 or less than 51 amino acids in 
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lengfli, in any increment down to 5 amino acids in lengfli. For example, the 
fragment may be 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 
23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 
44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 
65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 
86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100 amino acids in 
length. 

[0045] In certain embodiments, there is a limitation on the length of a peptide 

of the invention. The embodiment that is length-limited occurs when the 
protein/peptide comprising an epitope of the invention comprises a region 
(i.e., a contiguous series of amino acids) having 100% identity with a native 
sequence. In order to avoid the definition of epitope from reading, e.g., on 
whole natural molecules, there is a limitation on the length of any region that 
has 100% identity with a native peptide sequence. Thus, for a peptide 
comprising an epitope of the invention and a region with 1 00% identity with a 
native peptide sequence, the region with 100% identity to a native sequence 
generally has a length of: less than or equal to 600 amino acids, often less than 
or equal to 500 amino acids, often less than or equal to 400 amino acids, often 
less than or equal to 250 amino acids, often less than or equal to 100 amino 
acids, often less than or equal to 85 amino acids, often less than or equal to 75 
amino acids, often less than or equal to 65 amino acids, and often less than or 
equal to 50 amino acids. In certain embodiments, an "epitope** of the 
invention is comprised by a peptide havmg a region with less than 51 amino 
acids that has 100% identity to a native peptide sequence, in any increment 
down to 5 amino acids. 

[0046] Accordingly, peptide or protein sequences longer than 600 amino acids 

are within the scope of the invention, so long as they do not comprise any 
contiguous sequence of more than 600 amino acids that have 100% identity 
with a native peptide sequence. For any peptide that has five contiguous 
residues or less that correspond to a native sequence, there is no limitation on 
the maximal length of that peptide in order to fall within the scope of the 
invention. It is presently preferred that a peptide of the invention (e.g., a 
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peptide comprising an epitope of the invCTtion) be less than 600 residues long 
in any increment down to eight amino acid residues. 

[0047] "Human Leukocyte Antigen" or "HLA" is a human class I or class II 

Major Histocompatibility Comply (MHC) protein (see, e.g., Stites, et al, 
I1S4MUNOLOGY, 8™ Ed., Lange Publishing, Los Altos, CA (1994). 

[0048] An "HLA supertype or HLA family*', as used herein, describes sets of 

HLA molecules grouped on the basis of shared peptide-binding specificities. 
HLA class I molecules that share somewhat similar binding afSnity for 
peptides bearing certain amino acid motife are grouped into such HLA 
supertypes. The terms HLA superfamily, HLA supertype family, HLA family, 
and HLA xx-like molecules (where "xx" denotes a particular HLA type), are 
synonyms. See Tables 14-23 plus B44 Table. 

[0049] As used herein, "high affinity" with respect to HLA class I molecules 

is defined as binding with an IC50, or Kd value, of 50 nM or less; 
"intermediate affinity" is binding with an IC50 or Kd value of between about 
50 and about 500 nM; "weak affinity" is bmding with an IC50 or Kd value 
between about 500 and about 5000 nM. "Higji affinity" with respect to 
binding to HLA class n molecules is defined as binding with an IC50 or Kd . 
value of 100 nMor less; "interaoiediate affinity" is binding with an IC50 or Kd , 
value of between about 100 and about 1000 nM. See '1>inding data." 

[0050] An "IC50" is the concentration of peptide in a binding assay at which 

50% inhibition of binding of a reference peptide is observed. Given the 
conditions in which the assays are run (z.e., limiting HLA proteins and labeled 
peptide concentrations), these values q)proximate Kd values. See "binding 
data." 

[0051] The terms "identical" or percent "identity," in the context of two or 

more peptide sequences or antigen fragments, refer to two or more sequences 
or subsequences that are the same or have a specified percentage of amino 
acid residues that are the same, when compared and aligned for maximxmi 
correspondence over a comparison window, as measured using a sequence 
comparison algorithm or by manual aligmnent and visual inspection. 

[0052] An "immimogenic" peptide or an "immimogenic" epitope or "peptide 

epitope" is a peptide that comprises an allele-specific motif or supermotif such 
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that the peptide will bind an HLA molecule and induce a CTL and/or HTL 
response. Thus, immunogenic peptides of the invention are capable of binding 
to an q)propriate HLA molecule and tiiereafter inducing a cytotoxic T 
lymphocyte (CTL) response, or a he^er T lymphocyte (HTL) response, to ttie 
peptide. 

[0053] The phrases "isolated" or "biologically pure" refer to material which is 

substantially or essentially free from components which normally acconq)any 
the material as it is found in its native state. Thus, isolated peptides in 
accordance with the invention preferably do not contain materials normally 
associated with the peptides in their in situ enviroimient An "isolated" 
epitope refers to an epitope that does not include the whole sequence of the 
antigen or polypeptide from which the epitope was derived. Typically the 
"isolated" epitope does not have attached thereto additional amino acids that 
result in a sequence that has 100% identity with a native sequence. The native 
sequence can be a sequence such as a tumor-associated antigen from which the 
epitope is derived. Thus, the terai "isolated" means that the material is 
removed from its original enviromnent (e.g., the natural environment if it is 
naturally occurring). For example, a naturally-occuning polynucleotide or 
peptide present in a living animal is not isolated, but the same polynucleotide 
or peptide, separated from some or all of the coexisting materials m the natural 
system, is isolated. Such a polynucleotide could be part of a vector, and/or 
such a polynucleotide or peptide could be part of a composition, and still be 
"isolated" in that such vector or composition is not part of its natural 
environment. Isolated RNA molecules include in vivo or in vitro RNA 
transcripts of the DNA molecules of the present invention, and further mclude 
such molecules produced synthetically. 

[0054] "Major Histocompatibility Complex" or "MHC" is a cluster of genes 

that plays a role in control of the cellular interactions responsible for 
physiologic immune responses, hi humans, the MHC complex is also known 
as the human leukocyte antigen (HLA) complex. For a detailed description of 
the MHC and HLA complexes, see, Paul, FUNDAMENTAL 
IMMUNOLOGY, 3^ Ed., Raven Press, New York (1993). 
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[0055] The teim "motif refers to a pattern of residues in an amino acid 

sequence of defined length, preferably a peptide of less than about IS amino 
acids in length, or less than about 13 amino acids in length, usually from about 
8 to about 13 amino acids (e.g., 8, 9, 10, 11, 12, or 13) for a class I HLA motif 
and firom about 6 to about 25 amino acids {e.g., 6, 7, 8, 9, 10, 11, 12, 13, 14, 
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25) for a class H HLA motif, which is 
recognized by a particular HLA molecule. Motifi are typically different for 
each HLA protein encoded by a given human HLA allele. These moti& often 
differ in their pattern of the primary and secondary anchor residues. See 
Tables 2-4. 

[0056] A "native" or a 'Svild type" sequence refers to a sequence found in 

nature. 

[00571 A "negative binding residue" or "deleterious residue" is an amino acid 

which, if present at certain positions (typically not primary anchor positions) 
in a peptide epitope, results in decreased binding afBnity of the peptide for the 
peptide's corresponding HLA molecule. 

[0058] The term "peptide" is used interchangeably with "oligopeptide" in the 

present specification to designate a series of residues, typically i^amino acids, 
connected one to the other, typically by peptide bonds between the a-amino 
and carboxyl groups of adjacent amino acids. 

[00591 A "PanDR bmding" peptide or "PADRE®" peptide (Epimmune, San 

Diego, CA) is a member of a &mily of molecules tiiat binds more than one 
HLA class n DR molecule. The pattern that defines the PADRE® family of 
molecules can be referred to as an HLA Class n siq)ennoti£ A PADRE® 
molecule binds to HLA-DR molecules and stimulates in vitro and in vivo 
human helper T lymphocyte (HTL) responses. For a further definition of the 
PADRE® family, see copending application US serial Nos. 09/709,774, filed 
November 11, 2000; and 09/707,738, filed November 6, 2000; PCT 
pubUcationNos WO 95/07707, and WO 97/26784; U.S. Patent Nos. 5,736,142 
issued April 7, 1998; 5,679,640, issued October 21, 1997; and 6,413,935, 
issued July 2, 2002. 
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[0060] *Thannaceutically acceptable" refers to a generally non-toxic, inert, 

and/or physiologically compatible composition or component of a 
composition. 

[0061] A **pharmaceiitical excipient" or "excipienf comprises a material such 

as an adjuvant, a carrier, pH-adjusting and buffering agents, tonicity adjusting 
agents, wetting agents, preservatives, and the like. A "pharmaceutical 
excipient" is an excipient which is phaimaceutically acceptable. 

[0062] A "primary anchor residue" is an amino acid at a specific position 

along a peptide sequence which is understood to provide a contact point 
between the immunogenic peptide and the HLA molecule. One, two or three, 
primary anchor residues within a peptide of defined length generally defines a 
''mottP' for an immunogenic peptide. These residues are understood to fit in 
close, contact with peptide binding grooves of an HLA molecule, with their 
side chains buried in specific pockets of the binding grooves themselves. In 
one embodiment of an HLA class I motif, the primary anchor residues are ^ 
located at position 2 (from the amino terminal position) and at the carboxyl 
terminal position of a peptide epitope in accordance with the invention. The 
primary anchor positions for each motif and supermotif of HLA Class I are set 
forth in Table 14. For example, analog peptides can be oreated by altering the 
presence or absence of particular residues in these anchor positions. Such 
analogs are used to modulate the binding afiSnity of an epitope comprising a 
particular motif or supermotif. 

[0063] *Tromiscuous recognition" by a TCR is where a distinct peptide is 

recognized by the various T cell clones in the context of various HLA 
molecules. Promiscuous binding by an HLA molecule is synonymous with 
cross-reactive binding. 

[0064] A '*protective immune response" or **therapeutic immune response" 

refers to a CTL and/or an HTL response to an antigen derived fiom an 
pathogenic antigen (eg., an antigen from an infectious agent or a tumor 
antigen), which in some way prevents or at least partially arrests disease 
symptoms, side effects or progression. The immune response may also 
include an antibody response which has been facilitated by the stimulation of 
helper T cells. 
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[0065] 



The term "residue" refers to an amino acid or amino acid mimetic 
incorporated into a peptide or protein by an amide bond or amide bond 
mimetic. 



[0066] 



A "secondary anchor residue" is an amino acid at a position other than 
a primary anchor position in a peptide which may influence peptide binding. 



A secondary anchor residue occurs at a significantly higher frequency amongst 
HLA-bound pq)tides than would be expected by random distribution of amino 
adds at a given position. A secondary anchor residue can be identified as a 
residue which is present at a higher firequency . among high or intemiediate 
affinity binding peptides, or a residue otherwise associated with high or 
intermediate affinity binding. The secondary anchor residues are said to occur 
at "secondary anchor positions." For example, analog peptides can be created 
by altering the presence or absence of particular residues in these secondary 
anchor positions. Such analogs are used to finely modulate the binding 
affinity of an epitope comprising a particular motif or supermotif The 
terminology "fixed peptide" is generally used to refer to an analog peptide that 
has changes in primary anchore position: not secondary. 

[0067] . A "subdominant epitope" is an epitope which evokes little or no 
response upon immunization with a whole antigen or a firagment of the whole 
antigen comprising a subdominant epitope and a dominant epitope, which 
comprise Ifae epitope, but for which a response can be obtained by 
immunization with an isolated peptide, and tins response (imlike the case of 
cryptic epitopes) is detected when whole antigen or a firs^ent of the whole 
antigen compriising a subdominant epitope and a dominant epitope is used to 
recall the response in vitro or in vivo. 

[0068] A "supennotif' is a pq)tide binding specificity shared by HLA 

molecules mcoded by two or more HLA alleles. Preferably, a siqpennotif- 
bearing peptide is recognized with high or intermediate afiBnity (as defined 
herein) by two or more HLA antigens. 

[0069] "Synthetic peptide" refers to a peptide that is abtained from a non- 

natural soiirce, e,g., is man-made. Such peptides may be produced using such 
methods as cheimcal synthesis or recombinant DNA technology. "Synthetic 
peptides" include "fusion proteins." 
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[0070] As used herein, a 'Vaccine" is a composition used for vaccination, e.g., 

for prophylaxis or therapy, that comprises one or more peptides of the 
invention. There are numerous embodiments of vaccines in accordance with 
the invention, such as by a cocktail of one or more peptides; one or more 
peptides of the invention comprised by a polyepitopic peptide; or nucleic acids 
that encode such peptides or polypeptides, e.g., a minigene that encodes a 
polyepitopic peptide. The "one or more peptides" can include any whole unit 
integer from 1-150, e.g., at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 
37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 
58, 59, 60, 65, 70, 75, 80, 85, 90, 95, 100, 105, 110, 115, 120, 125, 130, 135, 
140, 145, or 150 or more peptides of the invention. The peptides or 
polypeptides can optionally be modified, such as by lipidation, addition of 
targeting or other sequences. HLA class I-binding peptides of the invention 
can be linked to HLA class H-binding peptides, e.g., a PADRE® universal 
HTL-bindind peptide, to faciUtate activation of both cytotoxic T lymphocytes 
and helper T lymphocytes. Vaccines can comprise peptide pulsed antigen 
presenting cells, dendritic cells. 

[0071] The nomenclature used to describe peptides/proteins follows tiie 

conventional practice wherein the amino group is presented to the left (the N- 
terminus) and the carboxyl gxmp to the right (the C-terminus) of each amino 
acid residue. When amino acid residue positions are referred to in a peptide 
epitope they are numbered in an amino to carboxyl direction with position one 
being the position closest to the amino temiinal end of the epitope, or the 
peptide or protein of which it may be a part. In the formulae representing 
selected specific embodimmts of the present invmtion, the amino- and 
carboxyl-tenninal groups, although not specifically shown, are in the form 
they would assume at physiologic pH values, unless otherwise specified. In 
the amino acid structure formulae, each residue is generally represented by 
standard three letter or single letter designations. The L-fonn of an amino acid 
residue is represented by a capital single letter or a capital first letter of a 
three-letter symbol, and the D-fonn for those amino acids having D-fonns is 
represented by a lower case single letter or a lower case three letter symbol. 
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However, when ttiree letter symbols or full names axe used without capitals, 
they may refer to L amino acids. Glycine has no asymmetric carbon atom and 
is simply referred to as "Gly" or "G"- The amino acid sequences of peptides 
set forth herein are generally designated using the standard single letter 
symbol. (A, Alanine; C, Cysteine; D, Aspartic Acid; E, Glutamic Acid; F, 
Phenylalanine; G, Glycine; H, Histidine; I, Isoleucine; K, Lysine; L, Leucine; 
M, Methionine; N, Asparagine; P, Proline; Q, Glutamine; R, Arginine; S, 
Serine; T, Threonine; V, Valine; W, Tryptophan; and Y, Tyrosine.) In 
addition to these symbols, "B"in the single letter abbreviations used herein 
designates a-amino butyric acid. In some embodiments, a-amino butyric acid 
may be replaced with cysteine. 



Acronyms used herein are as follows: 



APC: 
CD3: 
CD4: 
CDS: 
CEA: 
CTL: 
DC: 



DLT: 

DMSO: 

ELBA: 

E:T: 

G-CSF: 

GM-CSF: 

HBV: 

HER2Meu: 

HLA: 

HLA-DR: 

HPLC: 

HTC: 

HTL: 

ID: 

IFNy: 

IL-4: 

IV: 

LU3o%: 



Antigen presenting cell 

Pan T cell marker 

Helper T lymphocyte marker 

Cytotoxic T lymphocyte marker 

Carcinoembryonic antigen (see, e.g., SEQ ID NO: 363) 

Cytotoxic T lymphocyte 

Dendritic cells. DC fonctioned as potent antigen presenting cells by 
stimulating cytokine release from CTL lines that were specific for a 
model peptide derived from hepatitis B virus, /« vzvo experiments 
using DC pulsed ex vivo with an HBV peptide epitope have 
stimulated CTL immune responses in vis^o following delivery to 
naive mice. 

Dose-limiting toxicity, an adverse event related to therapy. 

Din^thylsulfoxide 

Enzyme-linked immunosorbant assay 

Effector:Target ratio 

Granulocyte colony-stimulating &ctor 

Granulocyte-macrophage (monocyte)-colony stimulating factor 

Hepatitis B virus 

A tumor associated antigen; c-erbB-2 is a synonym (see, e.g., SEQ 
ID NO: 364) 

Human leukocyte antigen 
Human leukocyte antigen class n 
High Performance Liquid Chromatography 
Helper T Cell 

Helper T Lymphocyte. A synonym for HTC. 
Identity 

Interferon gamma 

Interleukin-4 

Intravenous 

Cytotoxic activity for 10* effector cells required to achieve 30% lysis 
of a target cell population, at a 100:1 (E:T) ratio. 
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jyjLAD. 


iVlUIlUV/JlUIlal dXLUUUUjr 




TVff^lnnnma nntiaen f<iee e f» SPO TH "NTO" atiH '^66 for MAGE2 




ana MAVjii j j 


MLR: 


Mixed lymphocyte reaction 




ivxononuciear ccxio 




Jrcnpncrai dioou 


"DUX if 


It enpner&i Diooa mouonuciear ceii 


FroGP : 


Jnrogempoietm proauct (^Dearie, ot. LomSy MU), a ciumenc uxj/vj- 




CSF receptor agonist 


SC: 


Subcutaneous 


S£.M.: 


Standard error of the mean 


QD: 


Once a day dosing 


TAA: 


Tumor Associated Antigen 


TNF: 


Tumor necrosis fector 


WBC: 


White blood cells 



[0072] The following describes the peptides, corresponding nucleic acid molecules, 

compositions, and me&ods of the invention in more detail. 



A2, A3, B7, Al, A24 AND B44 PEPTIDES AND POLYNUCLEOTIDES OF 
TUMOR ASSOCIATED ANTIGENS 

[0073] A2, A3, B7, Al, A24 and B44 Epitopes and Analogs. In some 

embodiments, the invention is directed to an isolated peptide comprising or consisting 
of an epitope and/or analog. In some embodiments, the invention is directed to an 
isolated polynucleotide encoding such a peptide. 

[0074] The isolated epitopes and analogs of the invention are all class I 

binding peptides, i.e., CTL peptides. In particular, the epitopes and analogs of 
the invention comprise an A2 motif or supennotif, an A3 motif or supermoti^ 
a B7 motif or supennotif, a B44 motif or supennotif, an Al motif, or an A24 
motif. Epitopes and analogs of the invention are those set forth in Tables 6, 9 
and 10 (SEQ ID Nos:l-25), 16a-23 (SEQ ID NOs:42-362) and 26-30 (SEQ ID 
Nos:368-745). Preferred epitopes and analogs are set forth in Tables 10 (SEQ 
ID Nos:l, 3, 4, 5, 10, 17, 19, 20, 21, and 25) and 20-23 (SEQ ID NOs: 42, 44, 
46, 51, 52, 54, 55, 57, 60, 62, 67, 68, 69, 70, 73, 75, 77, 82, 90, 91, 96, 99, 
102, 103 104, 107, 111, 114, 116, 119, and 124; 133, 136, 140, 146, 153, 155, 
and 362; 161, 167, 170, 172, 178, 180, 181, 182, 186, 188, 189, 191, 194, 198, 
200, 201, 108, 211, 216, 219, 221, 228, 230, 234, 236, 238, 239, 240, 242, and 
246; and 256, 263, 265, 269, 272, 278, 279, 281, 282, 285, 287, 290, 292, 293, 
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304, 305, 308, 310, 316, 321, 324, 325, 331-336, 344, 345, 351, 356, 361, and 
362; respectively ). Al, A2, A3, A24, B7 and B44 epitopes and analogs of the 
invention may be refenred to herein as "epitopes" and "analogs" or referred to 
by Table or referred to by SEQ ID NO. Other epitopes and analogs are 
referred to herein as CTL epitopes or CTL peptides and HTL epitopes or HTL 
peptides. 

[0075] Peptides and Polynucleotides. In some embodiments, the invention 

is directed to an isolated peptide comprising or consisting of an epitope and/or 
analog, wherein the epitope or analog consists of a sequence selected from 
those in tables 6, 9, 10 (SEQ ID Nos:l-25), 16a-23 (SEQ ID NOs:42-362) and 
26-30 (SEQ ID Nos:368-745). 

[0076] Preferably, the peptide comprises or consists of an epitope or analog 

consisting of a sequence in Tables 10, 20-23, or 26-30. 

[0077] Peptides of the invention may be fusion proteins of epitope(s) and/or 

analog(s) to CTL epitope(s), and/or HTL epitope(s), and/or linker(s), and/or 
spac«:(s), and/or carrier(s), and/or additional amino acid(s), and/or may 
comprise or consist of homopolymers of an epitope or analog or 
heteropolymers of epitopes and^or analogs, as is described in detail below. 

[0078] Peptides which conq)rise an epitope and/or analog of the mvention 

may conqmse or consist of a fragment of an antigen C*fragmenf ' or "antigenic 
fragment"), wherein the fragment comprises an epitope and/or analog. The 
fragment may be a portion of CEA, HER2/neu MAGE2, MAGE3, and/or p53 
(SEQ ID Nos:363-367, respectively). The epitope of the invention may be 
within the fragment or may be linked directly or indirectly, to the fragment 

[0079] The fragment may comprise or consist of a region of a native antigen 

that contains a high poncentration of class I and/or class n epitopes, preferably 
it contains the greatest number of epitopes per amino acid length. Such 
epitopes can be present in a frame-shifted manner, e.g. a 10 amino acid long 
peptide could contain two 9 amino acid long epitopes and one 10 anoino acid 
long epitope. 

[0080] The fragment may be less than or equal to 600 amino acids, less than 

or equal to 500 amino acids, less than or equal to 400 amino acids, less than or 
equal to 250 amino acids, less than or equal to 100 amino acids, less than or 
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equal to 85 amino acids, less than or equal to 75 amino acids, less than or 
equal to 65 amino acids, or less than or equal to 50 amino acids in length. In 
certain embodiments, a fragment is less than 101 amino acids in length, in any 
increment down to 5 amino acids in length. For example, the fragment may be 
5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 
27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 
48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 
69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 
90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100 amino acids in length. (See Table 
33). Fragments of full length antigens may be fragments from about residue 
1-20, 21-40, 41-60, 61-80, 81-100, 101-120, 12M40, 141-160, 161-180, 181- 
200, 201-220, 221-240, 241-260, 261-280, 281-300, 301-320, 321-340, 341- 
360, 361-380, 381-400, 401-420, 421-440, 441-460, 461-480, 481-500, 501- 
520, 521-540, 541-560, 561-580, 581-600, 601-620, 621-680, 681-700, 701- 
720, 721-740, 741-780, 781-800, 801-820, 821-840, 841-860, 861-880, 881- 
900, 901-920, 921-940, 941-960, 961-980, 981 to the C-temiinus of the 
antigen. 

[0081] Pq)tides which comprise an epitope and/or analog of the invention may be a 
fusion protein conqjrising one or more amino acid residues in addition to the epitope, 
analog, or fragment Fusion proteins include homopolymers and heteropolymers, as 
described below. 

[0082] In some embodiments, the peptide comprises or consists of multiple epitopes 
and/or analogs, e,g., 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 
22, 23, 24, or 25 epitopes and/or analogs of the invention. In other embodiments, the 
peptide comprises or consists of 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 
40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 
63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 
86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100 epitopes and/or analogs of 
the invention. In some embodiments, the peptide comprises at least 1, at least 2, at 
least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at 
least 1 1, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 
18, at least 19, at least 20, at least 21, at least 22, at least 23, at least 24, at least 25 
epitopes and/or analogs of the invention. 
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[0083] For example, the peptide may conqjrise or consist of at least 1, at least 2, at least 

3, at least 4, or all 5 CEA epitopes and/or analogs from Table 6; at least 1, at least 2, 
at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, or all 10 
HER2/iieu epitopes and/or analogs of Table 6; at least 1, at least 2, at least 3, at least 

4, or all 5 MAGE2/3 epitopes and/or analogs from Table 6; at least 1, at least 2, at 
least 3, at least 4, or all 5 p53 epitopes and/or analogs from Table 6. The peptide may 
comprise or consist of at least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at 
least 7, at least 8, at least 9, at least 10, at least 1 1, at least 12, at least 13, or all 14 
epitopes and/or analogs from Table 16a; at least 1, at least 2, at least 3, at least 4, at 
least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 1 1, at least 12, at 
least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least 19, or all 20 
epitopes and/or analogs fix)m Table 16b; at least 1, at least 2, at least 3, at least 4, at 
least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 1 1, at least 12, at 
least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least 19, at least 
20, at least 21 , at least 22, at least 23, at.least 24, at least 25, at least 26, at least 27, or 
all 28 epitopes and/or analogs from Table 16c; at least 1, at least 2, at least 3, at least 
4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 11, at least 
12, at least 13, at least 14, at least IS, at least 16, at least 17, at least 18, at least 19, at 
least 20, at least 21, at least 22, at least 23, at least 24, or all 25 epitopes and/or 
analogs from Table 16d. The peptide may comprise or consist of at least 1, at least 2, 
at least 3, at least 4, or all 5 epitopes and/or analogs from Table 17£^ at least 1, at least 
2, at least 3, at least 4, at least 5, or all 6 qntopes and/or analogs from Table 17b; at 
least 1 , at least 2, at least 3, at least 4, at least 5 , at least 6, at least 7, at least 8, at least 
9, at least 10, at least 1 1, at least 12, at least 13, or all 14 epitopes and/or analogs from 
Table 17c; at least 1, at least 2, at least 3, or all 4 epitopes and/or analogs from Table 
i7d. The peptide may comprise or consist of at least 1, at least 2, at least 3, at least 4, 
at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 1 1, at least 12, 
at least 13, at least 14, at least IS, at least 16^ at least 17, at least 18, at least 19, at 
least 20, at least 21, at least 22, at least 23, at least 24, at least 25, at least 26, or all 27 
epitopes and/or analogs from Table 18a; at least 1, at least 2, at least 3, at least 4, at 
least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 1 1, at least 12, at 
least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least 19, at least 
20, at least 21, at least 22, at least 23, or all 24 epitopes and/or analogs from Table 
18b; at least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, 
at least 9, at least 10, at least 11, at least 12, at least 13, at least 14, at least 15, at least 
16, at least 17, at least 18, at least 19, at least 20, at least 21, at least 22, at least 23, at 
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least 24, at least 25, at least 26, at least 27, or all 28 epitopes and/or analogs jBDOxn 
Table 18c; at least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at 
least 8, at least 9, or all 10 epitopes and/or analogs from Table 18d. The peptide may 
comprise or consist of at least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at 
least 7, at least 8, at least 9, at least 10, at least 11, at least 12, at least 13, at least 14, 
at least 15, at least 16, at least 17, at least 18, at least 19, at least 20, at least 21, at 
lea^ 22, at least 23, at least 24, at least 25, at least 26, at least 27, at least 28, at least 
29, at least 30, at least 31, at least 32, at least 33, at least 34, at least 35, at least 36, at 
least 37, at least 38, at least 39, at least 40, at least 41, at least 42, at least 43, at least 
44, or all 45 epitopes and/or analogs from Table 19a; at least 1, at least 2, at least 3, at 
least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 1 1, at 
least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least 

19, at least 20, or all 21 epitopes and/or analogs from Table 19b; at least 1, at least 2, 
at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at 
least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 
18, at least 19, at least 20, at least 21, at least 22, at least 23, at least 24, at least 25, at 
least 26, at least 27, at least 28, at least 29, at least 30, at least 3 1 , at least 32, at least 
33, at least 34, at least 35, at least 36, at least 37, at least 38, at least 39, or all 40 
epitopes and/or analogs from Table 19c; at least 1, at least 2, at least 3, at least 4, at 
least 5, at least 6, at least 7, at least 8, or all 9 epitopes and/or analogs from Table 19d. 
The peptide may comprise or consist of at least 1, at least 2, at least 3, at least 4,. at 
least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 1 1, at least 12, at 
least 13, at least 14, at least IS, at least 16, at least 17, at least 18, at least 19, at least 

20, at least 21, at least 22, at least 23, at least 24, at least 25, or at least 26 of the 
epitopes and/or analogs &om Table 26, 27, 28, 29, or 30. 

[0084] The peptide may preferably comprise or consist of at least 1 oor all 2 CEA 
q>itopes/analogs of Table 9; at least 1 or all 2 HER2/neu epitopes/analogs of Table 9; 
at least 1 or all 2 MAGE2/3 qpitopes/analogs of Table 9; at least 1 or all 2 p53 
epitopes/analogs of Table 9. The pq>tide may preferably conq)rise or consist of at 
least 1, at least 2, at least 3, at least 4, at least 5, at least 6, or all 7 CEA 
epitopes/analogs of Table 20; at least 1, at least 2, at least 3, at least 4, at least 5, at 
least 6, at least 7, at least 8, or all 9 HER2/neu epitopes/analogs of Table 20; at least 
1, at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, or all 8 MAGE2/3 
epitopes/analogs of Table 20; at least 1, at least 2, at least 3, at least 4, at least 5, at 
least 6, or all 7 p53 epitopes/analogs of Table 20. The peptide may preferably 
comprise or consist of at least the CEA epitope/analog of Table 21; at least the 
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HER2/neu epitope/analog of Table 21; at least 1, at least 2, at least 3, or all 4 
MAGE2/3 epitopes/analogs of Table 21; at least the p53 epitope/analog of Table 21. 
The peptide may preferably comprise or consist of at least 1, at least 2, at least 3, at 
least 4, at least 5, at least 6, at least 7, or all 8 CEA epitopes/analogs of Table 22; at 
least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, or all 9 
HER2/neu epitopes/analogs of Table 22; at least 1, at least 2, at least 3, at least 4, at 
least 5, at least 6, at least 7, or all 8 MAGE2/3 epitopes/analogs of Table 22; at least 
1, at least 2, at least 3, at least 4, or all 5 p53 epitopes/analogs of Table 22. The 
peptide may preferably comprise or consist of at least 1, at least 2, at least 3, at least 
4, at least 5, at least 6, at least 7, at least 9, qat least 10, at least 11, or all 12 CEA 
epitopes/analogs of Table 23; at least 1, at least 2, at least 3, at least 4, at least 5, or all 
6 HER2/neu epitopes/analogs of Table 23; at least 1, at least 2, at least 3, at least 4, at 
least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 1 1, at least 12, or 
all 13 MAGE2/3 epitopes/analogs of Table 23; at least 1, or all 2 p53 
epitopes/analogs of Table 23. 

[0085] The peptide may con^rise or consist of the combinations above and below, and 
may also exclude any one or several epitopes and/or analogs selected from those in 
Tables 6, 9, 10 (SEQ JD Nos:l-25), 16a-23 (SEQ ID NOS:42-362) and 26-30 (SEQ 
IDfNos:368-745). Epitopes/analogs which may preferably be excluded from peptides 
of the invention are SEQ ID Nos:42, 60, 62, 67, 82, 86, 101, 116, 153, 362, 230, 265, 
290, 321, 334. and 345. 

[0086] - The peptide of the invention may comprise or consist of combinations of epitopes 
and/or analogs including: 

' A3 CEA combinations such as: (a) SEQ ID NOs:42, 44, 46, 51, 52, 54, and 55; (b) 
SEQ ID NOs: 44, 46, 51, 52, 54, and 55; (c) SEQ ID NOs:46, 51, 52, 54, and 55; (d) 
SEQ ID NOs: 51, 52, 54, and 55; (e) SEQ ID NO: 52, 54, and 55; (f) SEQ JD NO: 54 
and 55; 

(g) SEQ ID NO: 44, 46, 51, 52, and 54; (h) SEQ ID NO: 44, 46, 51, and 52; (i) SEQ 
ID NO : 44, 46, and 5 1 ; and (j) SEQ ID NO : 44 and 46 ; 

0) SEQ ID NO: 44, 51, 52, 54, and 55; (m) SEQ ID NO: 44, 46, 52, 54, and 55; (n) 
SEQ ID NO: 44, 46, 51, 54, and 55; and (o) SEQ ID NO: 44, 46, 51, 52, and 55; 

A3 HER2/neu combinations such as: (a) SEQ ID NO:57, 60, 62, 67, 68, 69, 70, 73, 
and 75; (b) SEQ ID NO: 60, 62, 67, 68, 69, 70, 73, and 75; (c) SEQ ID NO: 62, 67, 
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68, 69, 70. 73, and 75; (d) 67, 68, 69. 70. 73, and 75; (e) 68. 69. 70, 73. and 75; (jD 
SEQ ED NO: 69. 70, 73, and 75; 

(g) SEQ ID NO: 70, 73, and 75; (h) SEQ E) NO: 73 and 75; 

(i) SEQ ID NO: 57, 60, 62, 67. 68. 69. 70. and 73; (j) SEQ ID NO: 57. 60, 62. 67. 68, 

69, and 70; Os) SEQ ID NO: 57, 60, 62, 67, 68, and 69; C) SEQ ID NO: 57, 60, 62, 
67, and 68; 

(m) SEQ ID NO: 57, 60, 62, and 67; (n) SEQ ID NO: 57, 60, and 62; (o) SEQ ID NO: 
57 and 60; (p) SEQ ID NO: 57, 68, 69, 70, 73, and 75; (q) SEQ ID NO: 57, 60, 68, 
69, 70, 73, and 75; (r) SEQ ID NO: 57, 60. 62, 69. 70, 73, and 75; 
and (s) SEQ ID NO: 57, 60, 62, 67, 68, 73, and 75; 

A3 MAGE2/3 combinations such as: (a) SEQ ID NO:82. 90, 91. 96, 99, 102, and 
103; (b) SEQ ID NO: 90, 91, 96, 99, 102, and 103; (c) SEQ ID NO: 91, 96, 99, 102, 
and 103; (d) SEQ ID NO: 96, 99, 102, and 103; (e) SEQ ID NO: 99, 102, and 103; 

(f) SEQ ID NO: 102 and 103; 

(g) SEQ ID NO: 77, 82, 90, 91, 96, 99, and 102; (h) SEQ ID NO: 77, 82, 90, 91, 96, 
and 99; (i) SEQ ID NO: 77, 82, 90. 91, and 96; (j) SEQ ID NO: 77, 82. 90, and 91; 
(k) SEQ ID NO: 77, 82, 90, and 91, 96, 99, 102, and 103; 0) SEQ ID ON: 77, 82, and 
90; and (m) SEQ ED NO: 77 and 82; 

A3 p53 combinations such as: (a) SEQ BONO: 107, 111, 114, 116, 119, and 124; (b) 
SEQ ID NO: 111, 114, 116, 119. and 124; (c) SEQ ID NO: 114, 116, 119, and 124; 
((0 SEQ JD NO: 1 16, 1 19. and 124; (e) SEQ ID NO: 1 19 and 124; 
(f) SEQEDNO:104, 107, 111, 114, 116, and 119; (g) SEQ IDNO:104, 107, 111, 114, 
and 116; (h) SEQ ID NO:104, 107, 111, and 114; (i) SEQ ID NO:104, 107, and 111; 
(j) S^ ID NO:104 and 107; 

(k) SEQ ID NO:104, 111, 114. 116, 119. and 124; Q) SEQ ID NO:104. 107, 114, 116, 
119, and 124; (m) SEQ ID NO:104. 107. Ill, 116, 119. and 124; (n) SEQ ED 
NO: 104. 107, 111, 114, 116, and 124; 

B7 MAGE2/3 combinations such as: (a) SEQ ID NO: 146, 153, and 364; (b) SEQ ED 
NO: 153 and 364; (S) SEQ ID NO: 140, 146, and 153; (e) SEQ ID NO: 140, 146, and 
364; 

B7 combinations such as: (a) SEQ ID NO:133, 136, 140, 146, 153, and 155; (b) SEQ 
ED NO: 136, 140, 146, 153. and 155; (c) SEQ ID NO: 140. 146, 153, and 155; (d) 
SEQ ED NO: 153 and 155; 
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Al CEA combinations such as: (a) SEQ ID NO: 167, 170, 172, 178, 180, 181, and 
182; (b) SEQ ID NO: 170, 172, 178, 180, 181, and 182; (c) SEQ ID NO: 172, 178, 

180, 181. and 182; (d) SEQ ID NO: 178, 180, 181, and 182; (e) SEQ JD NO:180, 

181. and 182; (f) SEQ ID NO: 181 and 182; (g) SEQ ID NO: 161, 167, 170, 172. 178, 
180, and 181; (h) SEQ ID NO: 161, 167, 170, 172, 178. and 180; (i) SEQ ID NO: 
161. 167, 170, 172. and 178; 0) SEQ ID NO: 161, 167, and 170; (k) SEQ ID NO: 
181 and 182; 

Al HER2/neu combinatians such as : (a) SEQ ID NO:188. 189. 191, 194, 198, 200, 
201, and 208; (b) SEQ ID NO: 189. 191, 194, 198, 200, 201, and 208; (c) SEQ ID 
NO: 191. 194, 198, 200, 201, and 208; (d) SEQ ID NO: 194, 198, 200, 201. and 208; 
(e) SEQ ID NO: 198, 200. 201, and 208; (f) SEQ ID NO: 200, 201, and 208; (g) SEQ 
IDNO:201 and 208; 

(h)SEQIDNO:186, 188. 189, 191. 194, 198,200. and 201; (i) SEQ ID NO: 186. 188, 
189, 191. 194, 198. and 200; 0) SEQ ID NO:186, 188, 189. 191. 194. and 198; (k) 
SEQ IDNO:186. 188. 189. 191. and 194; Q) SEQ ID NO:186. 188, 189, and 191; (m) 
SEQ ID NO:186. 188, and 189; (n) SEQ ID NO:186 and 188; 

Al MAGE2/3 combinatirais such as: (a) SEQ ID NO: 216, 219. 221, 228, 230, 234, 
and 236; (b) SEQ ID NO: 219, 221. 228, 230. 234. and 236; (c) SEQ ID NO: 221, 
228, 230, 234, and 236; (d) SEQ ID NO: 228, 230, 234, and 236; (e) SEQ ID NO: 
230, 234, and 236; (f) SEQ ID NO: 234 and 236; (g) SEQ ID NO:211. 216, 219, 221, 
228, 230, and 234; (h) SEQ ID N0:211, 216. 219, 221, 228, and 230; (i) SEQ ID 
N0:21 1, 216, 219, 221, and 228; 0) SEQ ID N0:21 1, 216, 219, and 221; (k) SEQ ID 
NO:211, 216. and 219; (1) SEQ ID N0:211 and 216; (m) SEQ ID N0:211, 216. 219. 
221, 228, 234, and 236; 

Al p53 combinations such as: (a) SEQ ID NO: 239, 240, 242, and 246; (b) SEQ ID 
NO: 240, 242, and 246; (c) SEQ ID NO: 242 and 246; (d) SEQ ID NO:238, 239, 240, 
and 242; (e) SEQ ID NO:238, 239. and 240; (f) SEQ ID NO:238 and 239; (g) SEQ ID 
NO:238, 240. 242, and 246; (h) SEQ BD NO:238. 239. 242, and 246; (i) SEQ ID 
NO:238,239,240,and246; 

A24 CEA combinations such as: (a) SEQ ID NO: 263. 265, 269, 272. 278. 279, 281, 
282, 285, 287, and 290; (b) SEQ ID NO: 265. 269, 272, 278, 279, 281, 282, 285. 
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287, and 290; (c) SEQ ID NO: 269, 272, 278, 279, 281, 282, 285, 287, and 290; (d) 
SEQ ID NO: 272, 278, 279, 281, 282, 285, 287, and 290; (e) SEQ ID NO: 278, 279, 
281, 282, 285, 287, and 290; (f) SEQ ID NO: 279, 281, 282, 285, 287, and 290; (g) 
SEQ ID NO: 281, 282, 285, 287, and 290; (h) SEQ ID NO: 282, 285, 287, and 290; 
(i) SEQ ID NO: 285, 287, and 290; (j) SEQ ID NO: 287 and 290; 
(k) SEQ ID NO:256, 263, 265, 269, 272, 278, 279, 281, 282, 285, and 287; 0) SEQ 
ID NO:256, 263, 265, 269, 272, 278, 279, 281, 282. and 285; (m) SEQ ID NO:256, 
263, 265, 269, 272, 278, 279, 281, and 282; (n) SEQ ID NO:256, 263, 265, 269, 272, 
278, 279, and 281; (o) SEQ ID NO:256, 263, 265, 269, 272, 278, and 279; (p) SEQ 
ID NO:256, 263, 265. 269, 272, and 278; (q) SEQ ID NO:256, 263, 265, 269, and 
272; (r) SEQ ID NO:256, 263, 265, and 269; (s) SEQ ID NO:256, 263, and 265; (t) 
SEQ .ID NO:256 and 263; (u) SEQ ID NO:256, 263, 269, 272, 278, 279, 281, 282, 
285, and 287; 

A24 HER2ybfiu combinations such as: (a) SEQ ID NO: 293, 304, 305, 308, and 310; 
(b>SEQ IDNO: 304, 305, 308, and 310; (c) SEQ ID NO: 305, 308, and 310; (d) SEQ 
ID NO: 308 and 310; (e) SEQ ID NO:292, 293, 304, 305, and 308; (f) SEQ ID 
NO:292, 293, 304, and 305; (g) SEQ ID NO:292, 293, and 304; (h) SEQ ID NO:292 
and 293; (0 SEQ ID NO:292, 304, 305, 308. and 310; (j) SEQ ID NO:292, 293. 305, 
308. and 310; (k) SEQ ID NO:292. 293, 304, 308, and 310; 0) SEQ ID NO:292, 293, 
304, 305, and 310; 

A24 MAGE2/3 comlMnations such as: (a) SEQ ID NO: 321, 324, 325, 331, 332, 333, 
334, 335, 336, 344, 345, and 351; (b) SEQ ID NO: 324, 325, 331, 332, 333, 334, 335, 
336, 344, 345, and 351; (c) SEQ ID NO: 325, 331, 332, 333, 334. 335, 336, 344, 345, 
and 351; (d) SEQ ID NO: 331, 332. 333. 334, 335, 336, 344, 345, and 351; (e) SEQ 
ID NO: 332, 333, 334, 335, 336, 344, 345, and 351; (f) SEQ ID NO: 333, 334. 335. 
336, 344, 345, and 351; (g) SEQ ID NO: 333. 334. 335, 336, 344, 345, and 351; (h) 
SEQ ID NO: 334, 335, 336, 344, 345, and 351; (i) SEQ ID NO: 335, 336, 344, 345, 
and 351; 0) SEQ ID NO: 336, 344, 345. and 351; (k) SEQ ID NO: 344, 345, and 351; 
(I) SEQ ID NO:345 and 351; 

(m) SEQ ID NO:316, 321, 324, 325, 331, 332, 333, 334, 335, 336, 344, and 345; (n) 
SEQ ID NO:316, 321, 324, 325, 331, 332, 333, 334, 335, 336, and 344; (o) SEQ ID 
NO:316, 321, 324, 325, 331, 332, 333, 334, 335, and 336; (p) SEQ ID NO:316, 321. 
324, 325, 331, 332, 333, 334, and 335; (q) SEQ IDNO:316, 321, 324, 325, 331, 332, 
333, and 334; (r) SEQ ID NO:316. 321, 324, 325. 331, 332, and 333; (s) SEQ ID 
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NO:316, 321, 324, 325, 331, and 332; (t) SEQ ID NO:316, 321, 324, 325, and 331; 
(u) SEQ ID NO:316, 321, 324, and 325; (v) SEQ ID NO:316, 321, and 324; (w) SEQ 
ID NO:316 and 321i (x) SEQ ID NO:316, 324, 325, 331, 332, 333, 335, 336, 344, 
and 351; 

A24 p53 combinations such as: SEQ ID NO:356 and 361; 

B44 CEA combinations such as: (a) SEQ ID NO:368, 369, 390, 399, and 403; (b) 
SEQ ID NO:369, 370, 375, 376, 377. and 420; and (c) SEQ ID NO:370, 375, 379, 
386, and 429; 

B44 HER2/neu combinations such as: (a) SEQ ID NO:432, 435, 436, 443, 448, 460, 
466, 467, and 488; (b) SEQ ID NO: 439, 473, 490, and 499; (c) SEQ ID NO:432, 
433, 440, 441, 447, 456, 459, and 471; (d) SEQ ID NO: 477, 490, 499, 508, 527, and 
535; 

B44 MAGE2 combinations such as: (a) SEQ ID NO: 645, 646, 647, 653, 665, 670, 
698, 718, and 716; (b) SEQ ID NO: 663, 688, 692, and 701; (c) SEQ ID NO:648, 
655, 669, 677, 691, and 700; (d) SEQ ID NO: 651 and 673; 

B44 MAGE3 combinations such as: (a) SEQ ID NO: 719, 720, 726, 732, and 740; (b) 
SEQ ID NO: 721, 725, 726, and 737; (c) SEQ ID NO: 726, 739, and 744; (d) SEQ ID 
NO: 722, 723, 728 and 735; (c) SEQ ID NO: 720, 728, 731, 736, and 741; 

B44 p53 combinations such as: (a) SEQ ID NO: 598, 602, 603, and 617; (b) SEQ ID 
NO: 589, 599, 600, and 605; (c) SEQ ID NO:600, 603, 604, and 607; (d) SEQ ID 
NO: 601, 602, 604, and 609; 

A2 combinations such as: (a) SEQ ID NO: 6, 8, 16, 18, 22, 23, and 24; (b) SEQ ID 
NO: 8, 16, 18, 22, 23, and 24; (c) SEQ ID NO: 16, 18, 22, 23, and 24; (d) SEQ ID 
NO: 18, 22, 23, and 24; (e) SEQ ID NO: 23 and 24; (f) SEQ ID NO: 1, 19, 3, and 4; 
(g) SEQ ID NO: 2, 6, 8, 16, 18, 22, and 23; (h) SEQ ED NO: 2, 6, 8, 16, 18, and 22; 
(i) SEQ ID NO: 2, 6, 8, 16, 18, and 22; (j) SEQ ID NO: 2, 6, 8, 16, and 18; (k) SEQ 
ID NO: 2, 6, 8, and 16; 0) SEQ ID NO: 2, 6, and 8; and (m) SEQ ID NO: 2 and 6; 
(n) SEQ ID NO:3, 4, 5, and 17; (o) SEQ ID NO: 20, 21, and 25; (p) SEQ ID NO: 1, 
10, 17, and 25; (q) SEQ ID NO: 4, 5, 10, 17, and 25; 
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TAA combinations such as: (a) SEQ ID NO: 1, 17, 22, 104, 1 14, 133, 136, 146, 170, 
189, 221, 310, 336, 361. and 399; (b) SEQ ID NO:l 11, 124, 133, 140, 155, 180, 194, 
228, 246, and 281; (c) SEQ ID NO: 16, 18, 25, 43, 68, 1 17, 309, and 499; (d) SEQ ID 
NO: 48, 55, 97, 369, 409, and 512; (e) SEQ ID NO: 55, 99, 135, 238, and 602; (f) 
SEQ ID NO: 1, 58, 77, 104, 128, 166, 207, 240, 360, and 403; (g) SEQ ID N0:17, 50, 
72, 130, 161, 199, 300, and 627; (h) SEQ ID NO: 10, 55, 82, 104, 198, 400, 433, and 
501; (i) SEQ ID NO: 3, 22, 122, 196, 211, 301, 360, and 667; (j) SEQ ID NO: 1, 21, 
44, 100, 207, 405, and 661; 

[0087] Peptides of the invention may also conq}Tise or consist of combinations of the 
above combinations, including: 

A24 combinations such as: A24 CEA (a) and A24 HER2/neu (a); A24 CEA (a) and 
A24 MAGE2/3 (a); A24 CEA (a) and A24 p53; A24 CEA (c) and A24 HER2/neu (e); 
■A24 CEA (i) and A24 MAGE2/3 (a); A24 CEA (n) and A24 p53 (k); 

A3 combinatioDS such as: A3 CEA (a) and A3 HER2/aeu (a); A3 CEA (a) and A3 
MAGE2/3 (a); A3 CEA (a) and A3 p53 (a); A3 CEA (d) and A3 HER2Aaeu (b); A3 
CEA (f) and A3 MAOE2/3 (0; A3 CEA (e) and A3 p53 (a); 

CEA coinbinations such as: A24 CEA (a) and Al CEA (a); A24 CEA (b) and Al 
CEA (a); A24 CEA (c) and Al CEA (a); A24 CEA (c) and Al CEA (a); A3 CEA (a) 
and Al CEA (a); A3 CEA (b) and Al CEA (a); A3 CEA (c) and A24 CEA (a); B7 
CEA (c) and Al CEA (a); 

B7 CEA (a) and A3 CEA (a); B44 CEA (b) and Al CEA (a); A3 CEA (e) and Al 
CEA (g): A3 CEA (i) and Al CEA (m);. 

Al CEA (a), (b) (c), (d), (e), (f) (g), Qi), (i), (j), or Qa) epitq>es/analogs, and A3 CEA 
(a), (b) (c), (d), (e), (f) (g), (h), (i), 0, or (k) qpitopes/analogs, and B7 CEA (a), (b) 
(c), (d), (e), (f) (g), (h), (i), G), or (k) epitopes/analogs, and A3 p53 (a), (b) (c), (d), 

(e) , (f) (g). (h), (i), (j). or (k) epitopes/analogs, and B44 MAGE2 (a), (b) (c), (d), (e), 

(f) (g). (h), (i), 0). or (k) epitopes/analogs, and A3 MAGE2 (a), (b) (c), (d), (e), (f) 

(g) , (h), (i), (j), or (k) epitopes/analogs; 
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A24 CEA (a), (b) (c), (d), (e), (f) (g), (h), (i), 0). or (k) epitopes/analogs, and A2 
CEA (a), (b) (c), (d), (e), (f) (g), (h), (i), (j), or (k) epitopes/analogs, and B7 MAGE3 
(a), (b) (c), (d), (e), (£) (g), (h), (i), 0), or (k) epitopes/analogs, and B44 p53 (a), (b) 
(c), (d), (e), (f) (g), (h), (i), 0), or (k) epitopes/analogs; 

A3 CEA (a), (b) (c), (d), (e), (f) (g), (h), (i), Q), or (k) epitopes/analogs, and B7 p53 

(a) , (b) (c), (d), (e), (f) (g), (h), (i), Q), or (k) epitopes/analogs, and B44 MAGES (a), 

(b) (c), (d), (e), (f) (g), (h), (i), 0), or (k) epitopes/analogs, and A24 HER2/neu (a), (b) 

(c) , (d), (e), (f) (g), (h), (i), G), or (k) epitopes/analogs. 

[0088] The peptide may also con^se or consist of at least 1, at least 2, at least 3, at 

least 4, at least 5, at least 6, at least 7, or at least 8 peptides selected from the group 
consisting of the combinations set forth above. 

[0089] The peptide may also be a homopolymer of one epitope or analog or the 

peptide may be a heteropolymer which contains at least two different epitopes and/or 
analogs. Polymers have the advantage of increased probability for immunological 
reaction and, where different epitopes/analogs are used to make up the polymer, the 
ability to induce antibodies and/or T cells that react with different antigenic 
determinants of the antigen(s) targeted for an immune response. 

[0090] A homopolymer may comprise 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14; 

15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 
36, 37, 38, 39, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 105, 110, 
115, 120, 125, 130, 135, 140, 145, or 150 copies of the same epitope or 
analog. 

[0091] A heteropolymer may coniprise one or more copies of an individual 

epitope or analog and one or more copies of one or more different epitopes 
and/or analogs of fhe invmtion. The epitopes and/or analogs that form a 
heteropolymer may all be from the same antigen, e.g., may be &om CEA, p53, 
MAGE2/3, HER2/neu or other antigens herein or known m the art, or may be 
from different antigens, preferably TAAs. Combmations of qpitopes and/or 
analogs that may form a heteropolymer include those combinations described 
above. Heteropolymers may contain multiple copies of one or more epitopes 
and/or analogs. 
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[0092] Thus, peptides of tibie invention such as heteropolymers may comprise 

a first epitope and/or analog and at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 
35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50 other (different). 

[0093] Peptides of the invention may also comprise additional amino acids. 

[0094] In some embodiments, the peptides may comprise a number of CTL 

and/or HTL epitopes, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 
39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, or 50 CTL and/or HTL epitopes. 

[0095] The CTL and/or HTL epitope and the epitope/analog of the invention 

may be fiom the same TAA or from different TAAs. Thus, for example, if 
the epitope and/or analog is from CEA, the CTL peptide and/or HTL peptide 
may also be from CEA. Altematively, the CTL peptide and/or HTL peptide 
may be from another antigen, preferably a TAA antigen such as p53, 
MAGE2/3 or HER2/neu. As another example, if the epitope and/or analog is 
from p53, the CTL peptide and/or HTL peptide may be from p53 or, 
altematively, may be from MAGE2/3, HER2/neu, or CEA. 

[0096] The CTL peptide and/or HTL peptide may be from tumor-associated 

antigens such as but not limited to, melanoma antigens MAGE-1, MAGE-2, 
MAGE-3, MAGE-1 1, MAGE-AIO, as well as BAGE, GAGE, RAGE, 
MAGE-Cl, LAGE-1, CAG-3, DAM, MUCl, MUC2, MUC18, NY-ESO-1, 
MUM-1, CDK4, BRCA2, NY-LU-1, NY-LU-7, NY-LU-12, CASP8, RAS, 
KIAA-2-5, SCCs, p53, p73, CEA, HER2/neu, Melan-A, gplOO, tyrosinase, 
TRP2, gp75/TRPl, kallikrein, prostate-specific membrane antigen (PSM), 
prostatic acid phosphatase (PAP), prostate-specific antigen (PSA), PTl-1, 3- 
catenin, PRAME, Telomerase, FAK, cycUn Dl protem, N0EY2, EGF-R, 
SART-1, CAPS, HPVE7, pl5. Folate receptor CDC27, PAGE-1, and PAGE- 
4. 

[0097] Altematively, the CTL peptide and/or HTL peptide may be from other 

antigens including hepatitis B core and surface antigens (HBVc, HBVs), 
hepatitis C antigens, Epstein-Barr virus antigens, human immunodeficiency 
virus (HTV) antigens and human papilloma virus (HPV) antigens (in particular 
anitgens from HPV-16, HPV-18, HPV-31, HPV-33, HPV-45, HPV-52, HPV- 



34 



wo 2004/052917 



PCTAJS2003/038949 



56 and HPV-58, Mycobacterium tuberculosis and Chlamydia. Examples of 
suitable fungal antigens include those derived from Candida albicans, 
Cryptococcus neoformans, Coccidoides spp., Histoplasma spp, and 
Aspergillus jumigatis. Examples of suitable protozoan parasitic antigens 
include those derived from Plasmodium spp.y including P.falciparum^ 
Trypanosoma spp,. Schistosoma spp., Leishmania spp and the like. 

[0100] A CTL epitope may comprise a sequmce selected firom the group 

consisting of: SEQ ID Nos:l-25. 

[0101] Examples of CTL pq)tides and HTL peptides are disclosed in WO 

01/42270, published 14 June 2001; WO 01/41788, publidhes 14 June 2001; 
WO 01/42270, published 14 June 2001; WO 01/45728, pubUshed 28 June 
2001; and WO 01/41787, pubUshed 14 June 2001. 

[0102] The HTL peptide may comprise a "loosely HLA-restricted" or 

"promiscuous" sequaice. Examples of amino acid sequences that are 
promiscuous include sequences from antigens such as tetanus toxoid at 
positions 830-843 (QYIKANSKFIGITE; SEQ ID NO: 627), Plasmodium 
falciparum CS protein at positions 378-398 
(DffiKKIAKMEKASSVFNVVNS; SEQ ID NO: 628), and Streptococcus 
18kD protein at positions 116-131 (GAVDSILGGVATYGAA; SEQ ID NO: 
629). Other examples include peptides bearing a DR 1-4-7 supermoti^ or 
either of Ihe DR3 motifs. 

[0103] The HTL peptide may conq)rise a synthetic peptide such as a Pan-DR- 

binding epitope (e.g., a PADRE® pq>tide, Epimmune Inc., San Diego, CA, 
described, for example, in U.S. Patent Number 5,736,142), for example, 
having the fomiula aKXVAAZTLKAAa, where **X" is either 
cyclohexylalanine, phenylalanine, or tyrosine; "Z" is either tryptophan, 
tyrosine, histidine or asparagine; and ^'a" is either D-alanine or L-alanine (SEQ 
ID NO: 746). Certain pan-DR binding epitopes comprise all "L" natural amino 
acids; these molecules can be provided as pq)tides or in the form of nucleic 
acids that encode the peptide. See also, U.S. Patent Nos. 5,679,640 and 
6,413,935. 

[0104] The peptide may comprise additional amino acids. Such additional 

amino acids may be Ala, Arg, Asn, Asp, Cys, Gin, Gly, Glu, His, He, Leu, 
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Lys, Met, Phe, Pro, Ser, Thr, Tyr, Tip, Val, amino acid mimetics, and other 
unnatural amino acids such as those described below. Additional amino acids 
may provide for ease of linking peptides one to another, for linking q)itopes 
and/or analogs to one anoth^, for linking epitopes and/or analogs to CTL 
and/or HTL epitopes, for coupling to a carrier support or larger peptide, for 
modij^g the physical or chemical properties of the peptide or oligopeptide, 
or the like. Amino acids such as Ala, Arg, Asn, Asp, Cys, Gin, Gly, Glu, IBs, 
He, Leu, Lys, Met, Phe, Pro, Ser, Thr, Tyr, Trp, or Val, or the like, can be 
introduced at the C- and/or N-terminus of the peptide and/or can be introduced 
internally. 

[0105] The peptide may comprise an amino acid spacer, which may be joined 

to the epitopes, analogs, CTL epitopes, HTL epitopes, carriers, etc. within a 
peptide or may be joined to the peptide at the N-and/or C-terminus. Thus, 
spacers may be at the N-terminus or C-terminus of peptide, or may be internal 
such that they link or join epitopes, analogs, CTL epitopes, HTL epitopes, 
carriers, additional amiao acids, and/or antigenic fragments one to the other. 

[01061 The spacer is typically comprised of one or more relatively small, 

neutral molecules, such as amino acids or amino acid mimetics, which are 
substantially uncharged under physiological conditions. The spacers are 
typically selected from, e.g., Ala, Gly, or other neutral spacers of nonpolar 
amino acids or neutral polar amino acids. It will be understood that the 
optionally present spacer may be composed of the same residues or may be 
composed of one or more different residues and thus may be a homo* or 
hetero-oligomer of spacer residues. Thus, tiie spacer may contain more than 
one Ala residue (poly-alanine) or more than one Gly residue (poly-glycine), or 
may contain both Ala and Gly residues, e.g., Gly, Gly-Gly-, Ser,Ser-Ser-, 
Gly-Ser-, Ser-Gly-, etc. When present, the spacer will usually be at least one 
or two residues, more usually three to six residues and sometimes 10 or more 
residues, e.g., 3, 4, 5, 6, 7, 8, 9, or 10, or even more residues. (Livingston, 
B.D. etaL Vaccine 19:4652-4660 (2000)). 

[0107] Peptides may comprise carriers such as those well known in the art, 

e.g,, thyroglobulin, albumins such as human serum albumin, tetanus toxoid. 
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polyamino acids such as poly L-lysine, poly L-glutamic acid, influenza virus 
proteins, hepatitis B virus core protein, arid the like. (See Table 31). 

[0108] In addition, Hhe peptide may be modified by tenninal-NH2 acylation, 

e.g.y by alkanoyl (C1-C20) or thioglycolyl acetylation, temiinal-caiboxyl 
anddation, e.g„ ammonia, methylamine, etc. In some instances these 
modifications may provide sites for hiking to a support or other molecule. 

[0109] The peptides in accordance with the invention can contain 

modifications such as but not limited to glycosylation, side chain oxidation, 
biotinylation, phosphorylation, addition of a surface active material, e.g, a 
lipid, or can be chemically modified, e.g., acetylation, etc. Moreover, bonds in 
■ the peptide can be other than peptide bonds, e,g. , covalent bonds, ester or ether 
bonds, disulfide bonds, hydrogen bonds, ionic bonds, etc. 

[0110] Peptides of the present invention may contain substitutions to modify a 

physical property (e.g., stability or solubility) of the resulting peptide. For 
example, peptides may be modified by the substitution of a cysteine (C) with 
a-amino butyric acid CTB"). Due to its chemical nature, cysteine has the 
propensity to form disulfide bridges and sufficiently alter the peptide 
structurally so as to reduce binding capacity. Substituting a-amino butyric 
acid for C not only alleviates this problem, but actually improves binding and 
crossbinding capability in certain instances. Substitution of cysteine with a- 
amino butyric acid may occur at any residue of a peptide, at either anchor 
or non-anchor positions of an epitope or analog within a peptide, or at other 
positions of a peptide. , 

[0111] The peptides can comprise anmio acid mimetics or unnatural amino 

• acids, e,g, D- or L-naphylalanine; D- or L-phenylglycine; D- or L-2- 
thieneylalanine; D- or L-1, -2, 3-, or 4-pyreneylalanine; D- or L-3 
tbieneylalanine; D- or L-(2-pyridinyl)-alanine; D- or L-(3-pyridinyl)-alanine; D- 
or L-(2-pyrazinyl)-alanine; D- or L-(4-isopropyl)-phenyIglycine; D- 
(trifluoromethyl)-phenylglycine; D-(trifluoromethyl)-phenylalanine; D-p- 
fluorophenylalanine; D- or L-p-biphenylphenylalanine; D- or L«p- 
methoxybiphenylphenylalanine; D- or L-2-indole(alkyl)alanines; and, D- or L- 
alkylalanines, where the alkyl group can be a substituted or unsubstituted 
methyl, ethyl, propyl, hexyl, butyl, pentyl, isopropyl, iso-butyl, sec-isotyl, iso- 
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pentyl, or a non-acidic amino acids. Aromatic rings of a non-natural anuno 
acid include, e.g.y thiazolyl, thiophenyl, pyrazolyl, benzimidazolyl, naphthyl, 
furanyl, pyirolyl, and pyridyl aromatic rings. Modified peptides that have 
various amino acid mimetics or unnatural amino acids are particularly usefiil, 
as they tend to manifest increased stability in vivo. Such peptides may also 
possess improved shelf-life or manufacturing properties. 

[0112] Peptide stability can be assayed hi a number of ways. For instance, 

peptidases and various biological media, such as human plasma and serum, 
have been used to test stability. See, eg;, Verhoef, et al., Eur, J, Drug Metab. 
Pharfnacokinetics 11:291 (1986). Half-life of the peptides of the present 
invention is conveniently determined using a 25% human serum (v/v) assay. 
The protocol is generally as follows: Pooled human serum (Type AB, non- 
heat inactivated) is deUpidated by centrifiigation before use. The serum is 
then diluted to 25% with KPMI-1640 or another suitable tissue culture 
medium. At predetermined time intervals, a small amount of reaction solution 
is removed and added to either 6% aqueous trichloroacetic acid (TCA) or 
ethanol. The cloudy reaction sample is cooled {4^C) for 15 minutes and then 
spun to pellet the precipitated serum proteins. The presence of the peptides is 
fhen determined by reversed-phase HPLC using stability-sfpecific 
chromatography conditions. 

[0113] The peptides in accordance with the invention can be a variety of 

lengths, and either in their neutral (^charged) forms or in forms which are 
salts. The peptides in accordance with the invention can contain modifications 
such as glycosylation, side chain oxidation, or phosphorylation, generally 
subject to the condition that modifications do not destroy the biological 
activity of the peptides. 

[0114] The peptides of the invention may be lyophyHzed, or may be in crystal 

form. 

[0115] It is generally preferable that the epitope be as small as possible while 

still maintaining substantially all of the immunologic activity of the native 
protein. When possible, it may be desirable to optimize HLA class I binding 
epitopes of the invention to a length of about 8 to about 13 amino acid 
residues, for example, 8, 9, 10, 11, 12 or 13, preferably 9 to 10. It is to be 
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£^reciated that one or more epitopes in fhis size range can be comprised by a 
longer peptide (see the Definition Section for tiie term "epitope" for furttier 
discussion of peptide length). HLA class E binding epitopes are preferably 
optimized to a length of about 6 to about 30 amino acids in length, e.g:, 6, 7, 8, 
9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 
30, preferably to between about 13 and about 20 residues, eg., 13, 14, 15, 16, 
17, 18, 19 or 20, Preferably, the epitopes are commensurate in size with 
endogenously processed pathogen-derived peptides or tumor cell peptides fliat 
are bound to the relevant HLA molecules. The identification and preparation 
of peptides of various lengths can be carried out using the techniques 
described herein. 

[0116] Peptides in accordance with the invention can be prepared 

syatheticaliy, by recombinant DNA technology or chemical synthesis, or can 
be isolated firom natural sources such as native tumors or pathogenic 
organisms. Epitopes may be synthesized individually or joined directly or 
indirectly in a peptide. Althougji the peptide will preferably be substantially 
firee of other naturally occurring host cell proteins and fi:agments thereof, in 
some embodiments the peptides may be synthetically conjugated to be joined 
to native Augments or particles. 

[01171 Th® peptides of the invention can be prepared in a wide variety of 

ways. For relatively short sizes, the peptides can be synthesized in solution or 
on a solid support in accordance with conventional techniques. Various 
automatic 3ynthesizers are conomercially available and can be used in 
accordance with known protocols. (See^ for example, Stewart & Young, 
Solid Phase Peptide Syntebesis, 2d. ed.. Pierce Chemical Co., 1984). 
Further, individual peptides can be joined using chemical ligation to produce 
larger peptides that are still within tiie bounds of flie invention. 

[0118] Alternatively, recombinant DNA technology can be employed wherem 

a nucleotide sequence which encodes a peptide inserted into an expression 
vector, transformed or transfected into an q)propriate host cell and cultivated 
under conditions suitable for expression. These procedures are generally 
known in the art, as described generally in Sambrook et al, MOLECULAR 
Cloning, a Laboratory Manual, Cold Spring Harbor Press, Cold Spring 
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Haibor, New York (1989). Thus, recombinant peptides, which comprise or 
consist of one or more epitopes of the invention, can be used to present the 
appropriate T cell epitope. 

[0119] Polynucleotides encoding each of tiie peptides above are also part of 

the invention. As appreciated by one of ordinary skill in the art, various 
nucleic acids will encode the same peptide due to the redundancy of the 
genetic code. Each of these nucleic acids falls within the scope of the present 
invention. This embodiment of the invention comprises DNA and RNA, and 
in certain embodiments a combination of DNA and RNA. It is to be 
appreciated that any polynucleotide that encodes a peptide in accordance with 
the invention falls within the scope of this invention. 

[0120] The polynucleotides encoding peptides contemplated herein can be 

synthesized by chemical techniques, for example, the phosphotriester method 
of Matteucci, et al, 1 Am, Chem. Soc, 103:3185 (1981). Polynucleotides 
encoding peptides comprising or consisting of an analog can be made simply 
by substituting the appropriate and desired nucleic acid base(s) for those that 
encode the native epitope. 

[0121] The polynucleotide, e.g. minigene (see below), may be produced by 

assembling oligonucleotides that encode the plus and minus strands of the 
polynucleotide, e.g. minigene. Overlapping oUgonucleotides (15-100 bases 
long) may be synthesized, phosphorylated, purified and annealed under 
Expropriate conditions using well known techniques. The ends of the 
oUgonucleotides can be joined, for example, using T4 DNA ligase. A 
polynucleotide, e.g. minigene, ^coding the peptide of the invention, can be 
cloned into a desured vector such as an expression vector. The coding 
sequence can then be provided with appropriate linkers and ligated into 
expression vectors commonly available in the art, and the vectors used to 
transfoim suitable hosts to produce the desired peptide such as a fusion 
protein. 

[0122] A large number of such vectors and suitable host systems are known to 

those of skill in the art, and are commercially available. The following vectors 
are provided by way of example. Bacterial: pQE70, pQE60, pQE~9 (Qiagen), 
pBS, pDlO, phagescript, psiX174, pBluescript SK, pbsks, pNH8A, pNH16a, 
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pNHlSA, pNH46A (Stratagene); ptrc99a, pKK223-3, pKK233-3, pDR540, 
pRirS (Phannacia); pCR (Invitrogeii). Eukaryotic: pWLNEO, pSV2CAT, 
pOG44, pXTl, pSG (Stratagene) pSVK3, pBPV, pMSG, pSVL (Phannacia); 
p75.6 (valentis); pCEP (Ihvitrogen); pCEI (Epimmune). However, any oilier 
plasmid or vector can be used as long as it is replicable and viable in the host 

[0123] As representative examples of ^ropriate hosts, there can be 

mentioned: bacterial cells, such as E. colU Bacillus subtilis. Salmonella 
typhimurium and various species within the genera Pseudomonas, 
Streptomyces, and Staphylococcus; fungal cells, such as yeast; insect cells 
such as Drosophila and Sf9; animal cells such as COS-7 lines of monkey 
kidney fibroblasts, described by Gluzman, Cell 23:175 (1981), and other cell 
lines capable of expressing a compatible vector, for example, the C127, 3T3, 
CHO, HeLa and BHK cell lines or Bowes melanoma; plant cells, etc. The 
selection of an appropriate host is deemed to be within the scope of those 
skilled in the art firom the teachings herein. * 

[0124] Thus, the present invention is also directed to vectors, preferably 

expression vectors useful for the production of the peptides of the present 
invention, and to host cells comprising such vectors. 

[0125] Host cells are genetically engine^ed (transduced or transformed or 

transfected) with the vectors of this invention which can be, for example, a 
cloning vector or an expression vector. The vector can be, for example, m the 
form of a plasmid, a viral particle, a phage, etc. Hie engineered host cells can 
be cultured in conventional nutrient media modified as appropriate for 
activating promoters, selecting transformants or anq>lifying the polynucletides. 
The culture conditions, such as tenq>erature, pH and the like, are those 
previously used with the host cell selected for expression^ and will be apparent 
to the ordinarily skilled artisan. 

[0126] For expression of the peptides, the coding sequence will be provided 

with operably linked start and stop codons, promoter and terminator regions 
and usually a replication system to provide an expression vector for expression 
in the desired cellular host. For example, promoter sequences compatible with 
bacterial hosts are provided in plasmids containing convenient restriction sites 
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for insertion of the desired coding sequence. The resulting expression vectors 
are transformed into suitable bacterial hosts. 
[0127] Generally, recombinant expression vectors will include origins of 

repKcation and selectable markers permitting transformation of the host cell, 
e.g„ the ampicillin resistance gene of E. coli and S. cerevisiae IRPl gene, and 
a promoter derived &om a highly-expressed gene to direct transcription of a 
downstream structural sequence. Such promoters can be derived framoperons 
encoding glycolytic enzymes such as 3-phosphoglycerate kinase (POK), V- 
factor, add phosfphatase, or heat shock proteins, among others. The 
heterologous structural sequence is assembled in appropriate phase with 
translation initiation and termination sequences, and preferably, a leader 
sequence enable of directing secretion of translated protein into the 
periplasmic space or extracellular medium. Optionally, the heterologous 
sequence can encode a fusion protein including an N-temiinal identification 
peptide imparting desired characteristics, e.g., stabiKzation or simphfied 
purification of expressed recombinant product 
[01281 Yeast, insect or mammaUan cell hosts may also be used, employing 

suitable vectors and control sequences. Examples of mammalian expression 
systems include the COS-7 lines of monkey kidney fibroblasts, described by 
Gluzman, Cell 25:175 (1981), and other ceU lines enable of expressing a 
compatible vector, for example, the C127, 3T3, CHO, HeLa and BHK cell 
Imes. Mammalian expression vectors will comprise an origin of replication, a 
suitable promoter and enhancer, and also any necessary ribosome binding 
sites, polyadenylation site, splice donor and acceptor sites, transcriptional 
termination sequences, and 5' flanking nontranscribed sequences. Such 
promoters may also be derived from viral sources, such as, e.g., human 
cytomegalovirus (CMV-IE promoter) or herpes simplex virus type-1 (HSV 
TK promoter). Nucleic acid sequences derived from the SV40 splice, and 
polyadenylation sites can be used to provide the required nontranscribed 
genetic elements. 

[0129] Polynucleotides encoding peptides of the invention may also comprise 

a ubiquitination signal sequence, and/or a targeting sequence such as an 
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endoplasmic reticulum (ER) signal sequence to facilitate movement of the 
resulting peptide into the endoplasmic reticulum. 

[0130] Polynucleotides of the invention, e.g., minigenes, may be expressed in 

human cells. A human codon usage table can be used to guide the codon 
choice for each amino acid. Such polynucleotides preferably comprise spacer 
amino acid residues between epitopes and/or analogs, such as those described 
above, or may comprise naturally-occurring flanking sequences adjacent to the 
epitopes and/or analogs (and/or CTL and HTL epitopes). 

[0131] The peptides of the invention can also be CTcpressed by viral or 

bacterial vectors. Examples of expression vectors include attenuated viral 
hosts, such as vaccinia or fowlpox. As an example of this approach, vaccinia 
virus is used as a vector to express nucleotide sequences that encode the 
peptides of the invention. Vaccinia vectors and methods useful in 
immunization protocols are described in, e.g., U.S. Patent No. 4,722,848. 
Another vector is BCG (Bacille Calmette Guerin). BCG vectors are described 
in Stover et al^ Nature 351:456-460 (1991). A wide variety of other vectors 
useful for therapeutic administration or immunization of the polypeptides of 
the invention, eg. adeno and adeno-associated virus vectors, retroviral vectors. 
Salmonella typhi vectors, detoxified anthrax toxin vectors, and the like, will be 
^parent to those skilled in the art from the description herein. A . preferred 
vector is Modified Vaccioia Ankara (MVA) Bavarian Noridic (MVA- 
BN)). 

[0132] Standard regulatory sequences well known to those of skill in the art 

are preferably included in the vector to ^ure e3q)ression in the human target 
cells. Several vector elements are desirable: a promoter with a downstream 
cloning site for polynucleotide, e.g., minigene insertion; a polyadenylation 
signal for efficient transcription temunation; an E, coli origin of replication; 
and an E, coli selectable marker (e.g. ampicillin or kanamycin resistance). 
Numerous promoters can be used for this purpose, e.g., the hxunan 
cytomegalovirus (hCMV) promoter. See, e.g., U.S. Patent Nos. 5,580,859 and 
5,589,466 for other suitable promoter sequences. A preferred promoter is the 
CMV-BB promoter. 
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[0133] Polynucleotides, e.g. minigenes, may comprise one or more synthetic 

or naturally-occurring introns in the transcribed region. The inclusion of 
mKNA stabilization sequences and sequences for replication in mammalian 
cells may also be considered for increasing polynucleotide, e.g. minigene, 
expression. 

[0134] In addition, the polynucleotide, e.g. minigene, may comprise 

immunostimulatory sequences (ISSs or CpGs). These sequences may be 
included in the vector, outside the polynucleotide (e.g. minigene) coding 
sequence to enhance immunogenicity. 

[0135] In some embodiments, a bi-cistronic expression vector which allows 

production of both the polynucleotide- (e.g. minigene-) encoded peptides of 
the invention and a second protein (e.g., one that modulates immunogenicity) 
can be used. Examples of proteins or polypeptides that, if co-expressed with 
peptides of the invention, can enhance an immune response include cj^okines , 
{e.g., IL-2, IL-12, GM-CSF), cytoldne-inducing molecules (e.g., LeIF), 
costimulatory molecules, or pan-DR binding proteins (PADRE® molecules, 
Epimmune, San Diego, CA). Helper T cell (HTL) epitopes such as PADRE® 
molecules can be joined to intracellular targeting signals and expressed 
separately from ex^essed peptides of the invention. Specifically decreasing 
the immune resfponse by co-expression of immunosuppressive molecules (e.g. 
TGF-P) may be beneficial in certain diseases. 

[0136] Once an expression vector is selected, the polynucleotide, e.g. 

minigene, is cloned into the polyluiker region downstream of the promoter. 
This plasmid is transformed into an appropriate bacterial strain, and DNA is 
prepared using standard techniques. The orientation and DNA sequence of the 
polynucleotide, e.g. minigene, as well as all other elements included in the 
vector, are confirmed using restriction mapping, DNA sequence analysis, 
and/or PGR analysis. Bacterial cells harboring the correct plasmid can be 
stored as cell banks. 

[0137] Therapeutic/prophylactic quantities of DNA can be produced for 

example, by fermentation m E. coli, followed by purification. Aliquots from 
the working cell bank are used to inoculate growth medium, and are grown to 
saturation in shaker flasks or a bioreactor according to well known techniques. 
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Plasmid DNA is purified using standard bioseparation technologies such as 
solid phase anion-exchange resms available, eg., fix>m QIAGEN, Inc. 
(Valencia, California). If required, siq)ercoiled DNA can be isolated fiom the 
open circular and linear forms using gel electrophoresis or other methods. 

[0138] Purified polynucleotides, e,g. minigenes, can be prepared for injection 

using a variety of formulations. The simplest of these is reconstitution of 
lyophilized polynucleotide, e.g. DNA, in sterile phosphate-buffer saline 
(PBS). This approach, known as "naked DNA," is currently being used for 
intramuscular (EM) administration in clinical trials. To maximize the 
immunotherapeutic effects of polynucleotide vaccines, alternative methods of 
formulating purified plasmid DNA may be used. A variety of such methods 
have been described, and new techniques may become available. Cationic 
lipids, glycolipids, and fiisogenic liposomes can also be used in the 
formulation (see, e.g., WO 93/24640; Mannino & Gould-Fogerite, 
BioTechniques 6(7): 682 (1988); U.S. Patent No. 5,279,833; WO 91/06309; 
and Feigner, et aU Proc, Nat'lAcad Sci USA 84:7413 (1987). In addition, 
peptides and compounds referred to collectively as protective, interactive, 
non-condensmg compounds (PINC) can also be complexed to purified 
plasmid DNA to influence variables such as stability, intramuscular 
dispersion, or trafficking to specific organs or cell types. 

[01391 Known methods in the art can be used to enhance delivery and uptake 

of a polynucleotide in vivo. For example, the polynucleotide can be 
complexed to polyvinylpyrrolidone (PVP), to prolong the localized 
bioavailability of the polynucleotide, thereby enhancing uptake of the 
polynucleotide by the organisum (see e.g., U.S. Patent No. 6,040,295; EP 0 
465 529; WO 98/17814). PVP is a polyamide tiiat is known to form 
complexes with a wide variety of substances, and is chemically and 
physiologically inert. 

[0140] Target cell sensitization can be used as a fimctional assay of the 

expression and HLA class I presentation of polynucleotide- (e.g. minigene-) 
encoded peptides. For example, the polynucleotide, e.g. plasmid DNA, is 
introduced into a mammalian cell line that is a suitable target for standard 
CTL chromium release assays. The transfection method used will be 



45 



wo 2004/052917 



PCT/US2003/038949 



dependent on the final foimulation. For example, electroporation can be used 
for "naked" DNA, whereas cationic lipids or PVP-foimulated DNA allow 
direct in vitro transfection. A plasmid expressing green fluorescent protein 
(GFP) can be co-transfected to allow enrichment of transfected cells using 
fluorescence activated cell sorting (FACS). The transfected cells are then 
chromium-51 (^^Cr) labeled and used as targets for epitope-specific CTLs. 
Cytolysis of the target cells, detected by ^*Cr release, indicates both 
production and HLA presentation of, polynucleotide-, e.g. minigene-, encoded 
epitopes and/or analogs of the invention, or peptides comprising them. 
Expression of HTL epitopes may be evaluated in an analogous manner using 
assays to assess HTL activity. 
[0141] In vivo immimogenicity is a second approach for functional testing of 

. polynucleotides, e.g. minigenes. Transgenic mice expressing appropriate 
human HLA proteins are immunized with the polynucleotide, e.g. DNA, 
product. The dose and route of administration are formulation dependent* 
{e.g,, IM for polynucleotide (e.g,, naked DNA or P VP-formulated DNA) in 
PBS, intraperitoneal (IP) for lipid-complexed polynucleotide DNA)). 
Eleven to twenty-one days after immunization, splenocytes are harvested and 
restimulated for one week in tiie presence of polynucleotides encoding each 
peptide being tested. Thereafter, for peptides comprising or consisting of 
epitopes and/or analogs, standard assays are conducted to determine if there is 
cytolysis of peptide-loaded, ^'Cr-labeled target cells. Once again, lysis of 
target cells that were exposed to epitopes and/or analogs corresponding to 
those encoded by the polynucleotide, e.g. minigene, demonstrates 
polynucleotide, e.g., DNA, vaccine function and induction of CTLs. 
Immunogenicity of HTL epitopes is evaluated in transgenic mice in an 
analogous manner. 

[0142] Alternatively, the nucleic acids can be administered using ballistic 

delivery as described, for instance, in U.S. Patent No. 5,204,253. Using this 
technique, particles comprised solely of a polynucleotide such as DNA are 
administered. In a further alternative embodiment for ballistic delivery, 
polynucleotides such as DNA can be adhered to particles, such as gold 
particles. 
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[0143] The use of polynucleotides such as multi-epitope minigeaes is 

described herein and in, e.g. co-pending application U.S.S.N, 09/311,784; 
Ishioka et al., J. Immunol 162:3915-3925, 1999; An, L. and Whitton, J. L., J. 
Virol 71:2292, 1997; Thomson, S. A. et al, J. Immunol 157:822, 1996; 
Whitton, J. L. et al, J. Virol 67:348, 1993; Hanke, R. et al. Vaccine 16:426, 
1998. For exanq}le, a polynucleotide such as a multi-epitope DNA plasmid 
can be engineered which encodes an epitope derived from multiple regions of 
a TAA p53, HER2/nev, MAGE-2/3, or CEA), a pan-DR binding peptide 
such as the PADRE® universal helper T cell epitope, and an endoplasmic 
reticulum-translocating signal sequence. As descibed in the sections above, a 
peptide/polynucleotide may also comprise/encode epitopes that are derived 
from other TAAs. 

[0144] Thus, the invention includes peptides as described herein, 

polynucleotides ^coding each of said peptides, as well as compositions 
comprising the peptides and polynucleotides, and includes methods for 
producing and methods of using the peptides, polynucleotides, and 
compositions, as frirfher described below. 
> [0145] Compositions. In other embodiments, the invention is dfrected to a 

composition comprising one or more peptides and/or a polynucleotide of the' 
invention and optionally another conq)onent(s). 

[0146] In some embodiments, the composition comprises or consists of 

multiple peptides, e.g., 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 
19, 20, 21, 22, 23, 24, or 25 peptides of the invention. In other embodiments, 
fhc composition comprises or consists of 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 
36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 
57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 
78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 
99, 100, 105, 110, 115, 120, 125, 130, 135, 140, 145 or 150 or more peptides 
of the invention. Jn some embodiments, the composition comprises at least 2, 
at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 
10, at least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at 
least 17, at least 18, at least 19, at least 20, at least 21, at least 22, at least 23, 
at least 24, at least 25, at least 26, at least 27, at least 28, at least 29, at least 
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30, at least 31, at least 32, at least 33, at least 34, at least 35, at least 36, at 
least 37, at least 38, at least 39, at least 40, at least 41, at least 42, at least 43, 
at least 44, at least 44, at least 45, at least 46, at least 47, at least 48, at least 
49, at least 50, peptides of the inventloa 
[0098] For exaiiq>le, coiiq)ositions may conoprise or consist of combinatioiis of epitopes 
and/or analogs, eg., 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 
22, 23, 24, or 25 epitopes and/or analogs of the invention. Li other embodiments, the 
conq)osition comprises or consists of 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 
39, 40. 41, 42, 43, 44, 45, 46, 47, 48. 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 
62, 63. 64. 65, 66, 67. 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 
85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, or 100 epitopes and/or 
analogs of the invention. In some embodiments, the conqposition comprises at least 1, 
at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at 
least 10, at least 1 1, at least 12, at least 13, at least 14, at least 15, at least 16, at least 

17, at least 18, at least 19, at least 20, at least 21, at least 22, at least 23, at least 24, at 
least 25 epitopes and/or analogs of the invention. 

[0099] For example, the conq}osition may coiiq)rise or consist of at least 1, at least 2, at 
least 3, at least 4, or all 5 CEA epitopes and/or analogs from Table 6; at least 1, at 
least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, or all 
10 HER2/neu epitopes and/or analogs of Table 6; at least 1, at least 2, at least 3, at . 
least 4, or all 5 MAGE2/3 epitopes and/or analogs from Table 6; at least 1, at least 2, 
at least 3, at least 4, or all 5 p53 epitopes and/or analogs from Table 6. The 
composition may comprise or consist of at least 1, at least 2, at least 3, at least 4, at 
least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 1 1, at least 12, at 
least 13, or all 14 epitopes and/or analogs from Table 16a; at least 1, at least 2, at least 
3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 11, 
at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at 
least 19, or all 20 epitopes and/or analogs from Table 16b; at least 1, at least 2, at 
least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at 
least 1 1, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 

18, at least 19, at least 20, at least 21, at least 22, at least 23, at least 24, at least 25, at 
least 26, at least 27, or all 28 epitopes and/or analogs from Table 16c; at least 1, at 
least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 
10, at least 1 1, at least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at 
least 18, at least 19, at least 20, at least 21, at least 22, at least 23, at least 24, or all 25 
epitopes and/or analogs from Table 16d. The composition may comprise or consist of 
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at least 1, at least 2, at least 3, at least 4, or all 5 epitopes and/or analogs from Table 
17a; at least 1, at least 2, at least 3, at least 4, at least 5, or all 6 epitopes and/or 
analogs from Table 17b; at least 1, at least 2, at least 3, at least 4, at least 5, at least 6, 
at least 7, at least 8, at least 9, at least 10, at least 1 1, at least 12, at least 13, or all 14 
epitopes and/or analogs from Table 17c; at least 1, at least 2, at least 3, or all 4 
epitopes and/or analogs from Table 17d. The composition may comprise or consist of 
at least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at 
least 9, at least 10, at least 1 1, at least 12, at least 13, at least 14, at least 15, at least 
16, at least 17, at least 18, at least 19, at least 20, at least 21, at least 22, at least 23, at 
least 24, at least 25, at least 26, or all 27 epitopes and/or analogs from Table 18a; at 
least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 
?, at least 10, at least 11, at least 12, at least 13, at least 14, at least 15, at least 16, at 
least 17, at least 18, at least 19, at least 20, at least 21, at least 22, at least 23, or all 24 
epitopes and/or analogs from Table 18b; at least 1, at least 2, at least 3, at least 4, at 
least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 1 1, at least 12, at 
least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at least 19, at least 
20, at least 21, at least 22, at least 23, at least 24, at least 25, at least 26, at least 27, or 
all 28 epitopes and/or analogs from Table 18c; at least 1, at least 2, at least 3, at least 
4, at least 5, at least 6, at least 7, at least 8, at least 9, or all 10 epitopes and/or analogs 
.from Table 18d. The composition may conqmse or consist of at least 1, at least 2, at 
least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at 
least 1 1, at least 12, at least 13, at least 14, at least IS, at least 16, at least 17, at least 
18, at least 19, at least 20, at least 21, at least 22, at least 23, at least 24, at least 25, at 
least 26, at least 27, at least 28, at least 29, at least 30, at least 3 1, at least 32, at least 
33, at least 34, at least 35, at least 36, at least 37, at least 38, at least 39, at least 40, at 
least 41, at least 42, at least 43, at least 44, or all 45 epitopes and/or analogs from 
Table 19a; at least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at 
least 8, at least 9, at least 10, at least 1 1, at least 12, at least 13, at least 14, at least IS, 
at least 16, at least 17, at least 18, at least 19, at least 20, or all 21 epitopes and/or 
analogs from Table 19b; at least 1, at least 2, at least 3, at least 4, at least S, at least 6, 
at least 7, at least 8, at least 9, at least 10, at least 11, at least 12, at least 13, at least 
14, at least 15, at least 16, at least 17, at least 18, at least 19, at least 20, at least 21, at 
least 22, at least 23, at least 24, at least 25, at least 26, at least 27, at least 28, at least 
29, at least 30, at least 31, at least 32, at least 33, at least 34, at least 35, at least 36, at 
least 37, at least 38, at least 39, or all 40 epitopes and/or analogs from Table 19c; at 
least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, or all 9 
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epitopes and/or analogs from Table 19d. The composition may comprise or consist of 
at least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at 
least 9, at least 10, at least 1 1, at least 12, at least 13, at least 14, at least 15, at least 
16, at least 17, at least 18, at least 19, at least 20, at least 21, at least 22, at least 23, at 
least 24, at least 25, or at least 26 of the epitopes and/or analogs from Table 26, 27, 
28, 29, or 30. 

[00100] The conq)osition may preferably conrprise or consist of at least 1 or all 2 CEA 
epitopes/analogs of Table 9; at least 1 or all 2 HER2/neu epitopes/analogs of Table 9; 
at least 1 or all 2 MAGE2/3 epitopes/analogs of Table 9; at least 1 or all 2 p53 
epitopes/analogs of Table 9. The composition may preferably comprise or consist of 
at least 1, at least 2, at least 3, at least 4, at least 5, at least 6, or all 7 CEA 
epitopes/analogs of Table 20; at least 1, at least 2, at least 3, at least 4, at least 5, at 
least 6, at least 7, at least 8, or all 9 HER2/neu epitopes/analogs of Table 20; at least 
1, at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, or all 8 MAGE2/3 
epitopes/analogs of Table 20; at least 1, at least 2, at least 3, at least 4, at least 5, at 
least 6, or all 7 p53 epitopes/analogs of Table 20. The composition may preferably, 
comprise or consist of at least the CEA epitope/analog of Table 21; at least the 
HER2/neu epitope/analog of Table 21; at least 1, at least 2, at least 3, or all 4 
MAGE2/3 epitopes/analogs of Table 21; at least the p53 epitope/analog of Table 21. 
The CQiiqwsition may preferably conqmse or consist of at least 1, at least 2, at least 3, 
at least 4, at least 5, at least 6, at least 7, or all 8 CEA epitopes/analogs of Table 22; at 
least 1 , at least 2, at least 3, at least 4, at least 5, at least 6, at least 7,- at least 8, or all 9 
HER2/neu epitopes/analogs of Table 22; at least 1, at least 2, at least 3, at least 4, at 
least 5, at least 6, at least 7, or all 8 MAGE2/3 epitopes/analogs of Table 22; at least 
1, at least 2, at least 3, at least 4, or aD 5 p53 epitopes/analogs of Table 22. The 
composition may preferably conqirise or consist of at least 1, at least 2, at least 3, at 
least 4, at least 5, at least 6, at least 7, at least 9, qat least 10, at least 1 1, or all 12 CEA 
epitopes/analogs of Table 23; at least 1, at least 2, at least 3, at least 4, at least 5, or all 
6 HER2/neu epitopes/analogs of Table 23; at least 1, at least 2, at least 3, at least 4, at 
least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 11, at least 12, or 
all 13 MAGE2/3 epitopes/analogs of Table 23; at least 1, or all 2 p53 
epitopes/analogs of Table 23. 

[00101] The composition may comprise or consist of the combinations above and below, 
and may also exclude any one or several epitopes and/or analogs selected from those 
in Tables 6, 9, 10 (SEQ ID Nos:l-25), 16a-23 (SEQ ID NOS:42-362) and 26-30 
(SEQ ID Nos:368-745). Epitopes/analogs which may preferably be excluded from 
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conqrosition of the invention are SEQ ID Nos:42, 60, 62, 67, 82, 86, 101, 116, 153, 
362, 230, 265, 290, 321, 334, and 345. 
[00102] The conq>osition of the invCT.tion may conqnise or consist of combinations of 
epitopes and/or analogs including: 

A3 CEA combinations such as: (a) SEQ ID NOs:42, 44, 46, 51, 52, 54, and 55; (b) 
SEQ ID NOs: 44, 46, 51, 52, 54, and 55; (c) SEQ ID NOs:46, 51, 52, 54, and 55; (d) 
SEQ ID NOs: 51, 52, 54, and 55; (e) SEQ ID NO: 52, 54, and 55; (f) SEQ ID NO: 54 
and 55; 

(g) SEQ ID NO: 44, 46, 51. 52, and 54; (h) SEQ ID NO: 44, 46, 51, and 52; (0 SEQ 
ID NO: 44, 46, and 51; and (j) SEQ ID NO: 44 and 46; 

(1) SEQ ID NO: 44, 51, 52, 54, and 55; (m) SEQ ID NO: 44, 46, 52, 54, and 55; (n) 
SEQ ID NO: 44, 46, 51, 54, and 55; and (o) SEQ ID NO: 44, 46, 51, 52, and 55; 

A3 HERlfnea combinations such as: (a) SEQ ID NO:57, 60, 62, 67, 68, 69, 70, 73, 
and 75; (b) SEQ ID NO: 60, 62, 67, 68, 69, 70, 73, and 75; (c) SEQ ID NO: 62, 67, 

68, 69. 70, 73, aiid 75; (d) 67, 68, 69, 70, 73, and 75; (e) 68, 69, 70, 73, and 75;- (f) 
SEQ ID NO: 69, 70, 73, and 75; 

(g) SEQ ID NO: 70, 73, and 75; (h) SEQ ID NO: 73 and 75; 

(i) SEQ ID NO: 57, 60, 62, 67, 68, 69, 70, and 73; (j) SEQ ID NO: 57, 60, 62, 67, 68, 

69, and 70; (k) SEQ ID NO: 57, 60, 62, 67, 68, and 69; 0) SEQ ID NO: 57, 60, 62, 
67, and 68; 

(m) SEQ ID NO: 57, 60, 62, and 67; (n) SEQ ID NO: 57, 60, and 62; (o) SEQ ID NO: 
57 and 60; (p) SEQ ID NO: 57, 68, 69, 70, 73, and 75; (q) SEQ ID NO: 57, 60, 68, 
69, 70, 73, and 75; (r) SEQ ID NO: 57, 60, 62, 69, 70, 73, and 75; 
and (s) SEQ ID NO: 57, 60, 62, 67, 68, 73, and 75; 

A3 MAGE2/3 combinations such as: (a) SEQ ID NO:82, 90, 91, 96, 99, 102, and 
103; (b) SEQ ID NO: 90, 91, 96, 99, 102, and 103; (c) SEQ ID NO: 91, 96, 99, 102, 
and 103; (d) SEQ ID NO: 96, 99, 102, and 103; (e) SEQ ID NO: 99, 102, and 103; 

(f) SEQ ID NO: 102 and 103; 

(g) SEQ ID NO: 77, 82, 90, 91, 96, 99, and 102; (h) SEQ ID NO: 77, 82, 90, 91, 96, 
and 99; (i) SEQ ID NO: 77, 82, 90, 91, and 96; 0) SEQ ID NO: 77, 82, 90, and 91; 
(k) SEQ ID NO: 77, 82, 90, and 91, 96, 99, 102, and 103; 0) SEQ ID ON: 77, 82, and 
90; and (m) SEQ ID NO: 77 and 82; 
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A3 p53 combinatiOTS such as: (a) SEQ ID NO: 107, 111, 114, 116, 119, and 124; (b) 
SEQ ID NO: 111, 114, 116, 119, and 124; (c) SEQ ID NO: 114, 116, 119, and 124; 

(d) SEQ ID NO: 1 16, 1 19, and 124; (e) SEQ ID NO: 1 19 and 124; 

(f) SEQ IDNO:104, 107, 111. 114, 116, and 119; (g) SEQ ID NO:104, 107, 111, 114, 
and 116; (h) SEQ ID NO:104, 107, 111, and 114; (i) SEQ ID NO:104, 107, and 111; 
0) SEQ ID NO: 104 and 107; 

(k) SEQ IDNO:104, 111, 114, 116, 119,and 124; (I) SEQIDNO:104, 107, 114, 116, 
119, and 124; (m) SEQ ID NO: 104, 107. Ill, 116, 119, and 124; (n) SEQ ID 
NO: 104, 107, 111, 114, 116, and 124; 

B7 MAGE2/3 combinations such as: (a) SEQ ID NO: 146, 153, and 364; (b) SEQ DD 
NO: 153 and 364; (d) SEQ ID NO: 140, 146, and 153; (e) SEQ ID NO: 140, 146, and 
364; 

B7 combinations such as: (a) SEQ ID NO:133, 136, 140, 146, 153, and 155; (b) SEQ 
ID NO: 136, 140, 146, 153, and 155; (c) SEQ ID NO: 140, 146, 153, and 155; (d) 
SEQ ID NO: 153 and 155; 

Al CEA combinations such as: (a) SEQ ID NO: 167, 170, 172, 178, 180, 181, and 
182; (b) SEQ ID NO: 170, 172, 178, 180, 181, and 182; (c) SEQ ID NO: 172, 178, 

180, 181, and 182; (d) SEQ ID NO: 178, 180, 181, and 182; (e) SEQ ID NO:180, 

181, and 182; (f) SEQ ID NO: 181 and 182; (g) SEQ ID NO: 161. 167, 170, 172, 178, 
180, and 181; (h) SEQ ID NO: 161, 167, 170, 172, 178, and 180; (i) SEQ ID NO: 
161, 167, 170, 172, and 178; (j) SEQ ID NO: 161, 167, and 170; (k) SEQ ID NO: 
181 and 182; 

Al HER2/heu combinations such as : (a) SEQ ID NO:188, 189, 191, 194, 198, 200, 
201, and 208; (b) SEQ ID NO: 189, 191. 194. 198. 200, 201, and 208; (c) SEQ ID 
NO: 191, 194, 198, 200, 201, and 208; (d) SEQ ID NO: 194, 198, 200, 201, and 208; 

(e) SEQ ID NO: 198, 200. 201, and 208; (f) SEQ ID NO: 200, 201, and 208; (g) SEQ 
IDNO:201and208; 

(h) SEQ IDNO:186, 188, 189. 191. 194. 198, 200, and 201; (i) SEQ ID NO:186. 188, 
189, 191, 194, 198, and 200; (j) SEQ ID NO:186, 188, 189, 191, 194, and 198; (k) 
SEQ ID NO:186, 188, 189, 191, and 194; 0) SEQ IDNO:186, 188, 189, and 191; (m) 
SEQ ID NO:186, 188, and 189; (n) SEQ ID NO:186 and 188; 
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Al MAGE2/3 combinations such as: (a) SEQ ID NO: 216, 219, 221, 228, 230, 234, 
• and 236; (b) SEQ ID NO: 219, 221, 228, 230, 234, and 236; (c) SEQ ID NO: 221, 
228, 230, 234, and 236; (d) SEQ ID NO: 228, 230, 234, and 236; (e) SEQ ID NO: 
230, 234, and 236; (f) SEQ ID NO: 234 and 236; (g) SEQ ID N0:21 1, 216, 219, 221, 
228, 230, and 234; (h) SEQ ID NO:211, 216, 219, 221, 228, and 230; (i) SEQ ID 
NO:21 1, 216, 219, 221, and 228; (j) SEQ ID N0:21 1, 216, 219, and 221; (k) SEQ ID 
.N0:211, 216, and 219; Q) SEQ ID N0:211 and 216; (m) SEQ ID N0:211, 216, 219, 
221,228, 234, and 236; 

Al p53 combinations such as: (a) SEQ ID NO: 239, 240, 242, and 246; (b) SEQ ID 
NO: 240, 242, and 246; (c) SEQ ID NO: 242 and 246; (d) SEQ ID NO:238, 239, 240, 
and 242; (e) SEQ ID NO:238, 239, and 240; (f) SEQ ID NO:238 and 239; (g) SEQ ID 
NO:238, 240, 242, and 246; (h) SEQ ID NO:238, 239, 242, and 246; (i) SEQ ID 
NO:238, 239, 240, and 246; 

A24 CEA combinations such as: (a) SEQ ID NO: 263, 265, 269, 272, 278, 279, 281, 
282, 285, 287, and 290; (b) SEQ ID NO: 265, 269, 272, 278, 279, 281, 282, 285, 
287, and 290; (c) SEQ ID NO: 269, 272, 278. 279, 281, 282, 285, 287, and 290; (d) 
SEQ ID NO: 272, 278, 279, 281, 282, 285. 287, and 290; (e) SEQ ID NO: 278, 279, 
281, 282, 285, 287, and 290; (f) SEQ ID NO: 279, 281, 282, 285, 287, and 290; (g) 
SEQ ID NO: 281, 282, 285, 287, and 290; (h) SEQ ID NO: 282, 285, 287, and 290; 
(i) SEQ ID NO: 285, 287, and 290; (j) SEQ ID NO: 287 and 290; 
(k) SEQ ID NO:256. 263, 265, 269, 272. 278. 279. 281, 282, 285, and 287; Q) SEQ 
ID NO:256. 263, 265, 269, 272, 278, 279, 281, 282, and 285; (m) SEQ ID NO:256. 
263, 265, 269, 272, 278, 279, 281, and 282; (n) SEQ ID NO:256, 263, 265, 269, 272, 
278, 279, and 281; (o) SEQ ID NO:256, 263. 265, 269, 272, 278, and 279; (p) SEQ 
ID NO:256, 263, 265, 269, 272, and 278; (q) SEQ ID NO:256, 263, 265, 269, and 
272; (r) SEQ ID NO:256, 263, 265, and 269; (s) SEQ ID NO:256, 263, and 265; (t) 
SEQ ID NO:256 and 263; (u) SEQ ID NO:256, 263, 269, 272, 278, 279, 281, 282, 
285, and 287; 

A24 HER2/neu combinations such as: (a) SEQ ID NO: 293, 304, 305, 308, and 310; 
(b) SEQ ID NO: 304, 305, 308, and 310; (c) SEQ ID NO: 305, 308, and 310; (d) SEQ 
ID NO: 308 and 310; (e) SEQ ID NO:292, 293, 304, 305, and 308; (f) SEQ ID 
NO:292, 293, 304, and 305; (g) SEQ ID NO:292, 293, and 304; (h) SEQ ID NO:292 
and 293; (0 SEQ ID NO:292, 304, 305, 308, and 310; 0) SEQ ID NO:292, 293, 305, 
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308, and 310; (k) SEQ ID NO:292, 293, 304, 308, and 310; 0) SEQ E> NO:292, 293, 
304, 305, and 310; 

A24 MAGE2/3 combinations such as: (a) SEQ ID NO: 321, 324, 325, 331, 332, 333, 
334, 335, 336, 344, 345, and 351; (b) SEQ ID NO: 324, 325. 331, 332, 333, 334, 335, 
336, 344, 345, and 351; (c) SEQ ID NO: 325, 331, 332, 333, 334, 335, 336, 344, 345, 
and 351; (d) SEQ ID NO: 331, 332, 333, 334, 335, 336, 344, 345, and 351; (e) SEQ 
ID NO: 332, 333, 334, 335, 336, 344, 345, and 351; (f) SEQ ID NO: 333, 334, 335, 
336, 344, 345, and 351; (g) SEQ ID NO: 333, 334, 335, 336, 344, 345, and 351; (h) 
SEQ ID NO: 334, 335, 336, 344, 345, and 351; (i) SEQ ID NO: 335. 336, 344, 345, 
and 351; (j) SEQ ID NO: 336, 344, 345, and 351; (k) SEQ ID NO: 344, 345, and 351; 
0) SEQ ID NO:345 and 35 1; 

(m) SEQ ID NO:316, 321, 324, 325, 331, 332, 333, 334, 335, 336, 344, and 345; (n) 
SEQ ID NO:316, 321, 324, 325, 331, 332, 333, 334, 335, 336, and 344; (o) SEQ ID 
NO:316, 321, 324, 325, 331, 332, 333, 334, 335. and 336; (p) SEQ ID NO:316, 321. 
324, 325, 331, 332, 333, 334, and 335; (q) SEQ IDNO:316, 321, 324, 325, 331, 332, 
■333, and 334; (r) SEQ ID NO:316, 321, 324, 325, 331, 332, and 333; (s) SEQ ID 
'NO:316, 321, 324, 325, 331, and 332; (t) SEQ ID NO:316, 321, 324. 325, and 331; 
, (u) SEQ ID N0:3 16, 321, 324, and 325; (v) SEQ ID NO:316, 321, and 324; (w) SEQ 
ID NO:316 and 321; (x) SEQ ID NO:316, 324, 325, 331, 332, 333, 335, 336, 344, 
and 351; 

A24 p53 combinations such as: SEQ ID NO:356 and 361; 

B44 CEA combinations such as: (a) SEQ ID NO:368, 369, 390, 399, and 403; (b) 
SEQ ID NO:369, 370, 375, 376. 377, and 420; and (c) SEQ ID NO:370, 375, 379, 
386, and 429; 

B44 HER2Aieu combinations such as: (a) SEQ ID NO:432, 435, 436, 443, 448, 460, 
466, 467, and 488; (b) SEQ ID NO: 439, 473, 490. and 499; (c) SEQ ID NO:432, 
433, 440, 441. 447. 456, 459, and 471; (d) SEQ ID NO: 477, 490, 499, 508, 527, and 
535; 

B44 MAGE2 combinations such as: (a) SEQ ID NO: 645, 646, 647, 653, 665, 670, 
698, 718, and 716; (b) SEQ ID NO: 663, 688, 692, and 701; (c) SEQ ID NO:648. 
655. 669. 677, 691. and 700; (d) SEQ ID NO: 651 and 673; 
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B44 MAGES combinatioiis such as: (a) SEQ ID NO: 719, 720, 726, 732, and 740; (b) 
SEQ ID NO: 721, 725, 726, and 737; (c) SEQ ID NO: 726, 739, and 744; (d) SEQ ID 
NO: 722, 723, 728 and 735; (e) SEQ E) NO: 720, 728. 731, 736, and 741; 

B44 p53 combinations such as: (a) SEQ ID NO: 598, 602, 603, and 617; (b) SEQ ID 
NO: 589, 599, 600, and 605; (c) SEQ ID NO:600, 603, 604, and 607; (d) SEQ ID 
NO: 601, 602, 604, and 609; 

A2 combinations such as: (a) SEQ ID NO: 6, 8, 16, 18, 22, 23, and 24; (b) SEQ ID 
NO: 8, 16, 18, 22, 23, and 24; (c) SEQ ID NO: 16, 18, 22, 23, and 24; (d) SEQ ID 
NO: 18, 22, 23, and 24; (e) SEQ ID NO: 23 and 24; (f) SEQ ID NO: 1, 19, 3, and 4; 
(g) SEQ ID NO: 2, 6, 8, 16, 18, 22, and 23; (h) SEQ ID NO: 2, 6, 8, 16, 18, and 22; 
(i) SEQ ID NO: 2, 6, 8, 16, 18, and 22; 0) SEQ ID NO: 2, 6, 8, 16, and 18; (k) SEQ 
ID NO: 2, 6, 8, and 16; G) SEQ ID NO: 2, 6, and 8; and (m) SEQ ID NO: 2 and 6; 
, (n) SEQ ID N0:3, 4, 5, and 17; (o) SEQ ID NO: 20. 21, and 25; (p) SEQ ID NO: 1, 
10, 17, and 25; (q) SEQ ID NO: 4, 5, 10, 17, and 25; 

TAA cotnbinations such as: (a) SEQ ID NO: 1, 17, 22, 104, 1 14, 133, 136, 146, 170, 
189, 221, 310, 336, 361, and 399; (b) SEQ ID N0:111, 124, 133, 140, 155, 180, 194, 
228, 246, and 281; (c) SEQ ID NO: 16, 18, 25, 43, 68, 1 17, 309, and 499; (d) SEQ ID 
NO: 48, 55, 97, 369, 409, and 512; (e) SEQ ID NO: 55, 99, 135, 238, and 602; (f) 
SEQ ID NO: 1, 58, 77, 104, 128. 166, 207, 240, 360, and 403; (g) SEQ ID NO:17, 50, 
72, 130, 161, 199, 300, and 627; (h) SEQ ID NO: 10, 55, 82, 104, 198, 400, 433, and 
501; (i) SEQ ID NO: .3, 22, 122, 196, 211, 301, 360, and 667; (j) SEQ ID NO: 1, 21, 
44, 100, 207, 405, and 661. 

[00103] Compositions of ^ invention may also conqirise or consist of combinations of 
tiie above combinations, including: 

A24 combinations such as: A24 CEA (a) and A24 HER2/neu (a); A24 CEA (a) and 
A24 MAGE2/3 (a); A24 CEA (a) and A24 p53; A24 CEA (c) and A24 HER2/heu (e); 
A24 CEA (i) and A24 MAOE2/3 (a); A24 CEA (n) and A24 p53 (k); 
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A3 combinations such as: A3 CEA (a) and A3 HER2/aeu (a); A3 CEA (a) and A3 
MAGE2/3 (a); A3 CEA (a) and A3 p53 (a); A3 CEA (d) and A3 BERl/nea (b); A3 
CEA (0 and A3 MAGE2/3 (i); A3 CEA (e) and A3 p53 (a); 

CEA combinations such as: A24 CEA (a) and Al CEA (a); A24 CEA (b) and Al 
CEA (a); A24 CEA (c) and Al CEA (a); A24 CEA (c) and Al CEA (a); A3 CEA (a) 
and Al CEA (a); A3 CEA (b) and Al CEA (a); A3 CEA (c) and A24 CEA (a); B7 
CEA (c) and Al CEA (a); 

B7 CEA (a) and A3 CEA (a); B44 CEA (b) and Al CEA (a); A3 CEA (e) and Al 
CEA (g); A3 CEA (i) and Al CEA (m);. 

Al CEA (a), (b) (c), (d), (e), (f) (g), (h), (i), 0), or (k) epitopes/analogs, and A3 CEA 
(a), (b) (c), (d), (e), (f) (g), (h), (i), (j), or (k) epitopes/analogs, and B7 CEA (a), (b) 
(c), (d), (e), (f) (g), (h), (i), 0), or (k) epitopes/analogs, and A3 p53 (a), (b) (c), (d), 
(e), (f) (g), (h), (i), (j), or (k) epitopes/analogs, and B44 MAGE2 (a), (b) (c), (d), (e), 
•(f) (g), (h), (i), (j), or (k) epitopes/analogs, and A3 MAGE2 (a), (b) (c), (d), (e), (f) 
(g), (h), (i), (j), or (k) epitopes/analogs; 

A24 CEA (a), (b) (c). (d), (e), (f) (g), (h), (0, 0). or (k) epitopes/analogs, and A2 
CEA (a), (b) (c), (d), (e), (f) ^g), (h), (0, Q), or (k) epitopes/analogs, and B7 MAGE3 
(a), (b) (c), (d), (e), (f) (g), (h), (i). 0). or (k) epitopes/analogs, and B44 p53 (a), (b) 
(c), (d), (e), (0 (g), (h), (0, (j), or (k) epitopes/analogs; 

A3 CEA (a), (b) (c), (d), (e), (f) (g), (h), (0, 0"), or (k) epitopes/analogs, and B7 p53 

(a) , (b) (c), (d), (e), (f) (g), (h), (i), (j), or (k) epitopes/analogs, and B44 MAGE3 (a), 

(b) (c). (d), (e), (f) (g), (h), (i), (j), or (k) epitopes/analogs, and A24 HER2/neu (a), (b) 

(c) , (d), (e), (f) (g), (h), (i), (j), or (k) epitopes/analogs. 

[0147] Compositioas of the invention may comprise polynucleotides encoding 

the above peptides, and/or combinations of polynucleotides encoding the 
above combinations of p^tides. 

[0148] The composition can comprise at least 2, at least 3, at least 4, at least S, 

at least 6, at least 7, at least 8, at least 9, at least 10, at least 11, at least 12, at 
least 13, at least 14, at least IS. at least 16, at least 17, at least 18, at least 19, 
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at least 20, at least 21, at least 22, at least 23, at least 24, at least 25, at least 
26, at least 27, at least 28, at least 29, at least 30, at least 31, at least 32, at 
. least 33, at least 34, at least 35, at least 36, at least 37, at least 38, at least 39, 
at least 40, at least 41, at least 42, at least 43, at least 44, at least 44, at least 
45, at least 46, at least 47, at least 48, at least 49, at least SO, peptides or 
polynucleotides selected &om those described above or below. At least one of 
the one or more pq>tides can be a heteropolymer or a homopolymer. 
Additionally, the composition can comprise a CTL and/or HTL epitope, which 
can be derived from a tumor-associated antigen. The additional epitope can 
also be a PanDR binding molecule, (e.^., a PADRE® universal helper T cell 
epitope), 

[0149] Optional components include excipients, diluents, proteins such as 

: peptides comprising a CTL epitope, and/or an HTL qpltope such as a pan-DR 
binding peptide (e.g,, a PADRE® universal helper T cell epitope), and/or a 
carrier, polynucleotides encoding such proteins, lipids, or Updsomes, as well 
as other components described herein. There are numerous embodiments of 
compositions in accordance with the invention, such as a cocktail of one or 
more peptides and/or polynucleotides; one or more peptides and/or analogs 
and one or more CTL and/or HTL epitopes; and/or nucleic acids that encode 
such peptides, e,g., minigenes. 

[0150] Compositions may comprise one or more peptides (or polynucleotides 

such as minigenes) of the invention, along with one or more other components 
as described above and herein. ''One or more'' refers to any whole unit integer 
from 1-150, e.g., at least 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 
40 , 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 105, 110, 115, 120, 125, 
130, 135, 140, 145, or 150 peptides, polynucleotides, or other components. 

[0151] Compositions of the invention may be, for example, polynucleotides or 

polypeptides of the invention combined with or.complexed to cationic lipid 
formulations; Upopeptides (e.g.,Vitiello, A. et aL, J. Clin. Invest. 95:341, 
1995), encapsulated e.g., in polyCDL-lactide-co-glycolide) ("PLG") 
microspheres (see, e.g., Eldridge, et al, Molec. Immunol 28:287-294, 1991: 
Alonso et aL, Vaccine 12:299-306, 1994; Jones et al. Vaccine 13:675-681, 
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1995); peptide compositions contained in inimime stimulating complies 
(ISCOMS) {see, e,g., Takahashi et al. Nature 344:873-875, 1990; Hu et al, 
Clin Exp Immunol 113:235-243, 1998); multiple antigen peptide systems 
(MAPs) {see e.g.. Tarn, J. P., Proc. Natl. Acad. Set U.SA. 85:5409-5413, 
1988; Tarn, J.P., Immunol Methods 196:17-32, 1996); viral, bacterial, or, 
fungal delivery vectors (Peifcus, M. E. et al. In: Concepts in vaccine 
development, Kaufinann, S. H. E., ed., p. 379, 1996; Chakrabarti, S. et al. 
Nature 320:535, 1986; Hu, S. L. et al. Nature 320:537, 1986; Kieny, M.-P. et 
al, AIDS Bio/Technology 4:790, 1986; Top, F. H. et ai, /. Infect Dis. 
124:148, 1971; Chanda, P. K. et al. Virology 175:535, 1990); particles of viral 
or synthetic origin {e.g,, Kofler, N. et al, J, Immunol Methods, 192:25, 1996; 
Eldridge, J. H. et al, Sem. Hematol 30:16, 1993; Falo, L. D., Jr. et al, Nature 
Med, 7:649, 1995); adjuvants {e.g., incomplete Freund's adjuvant) (Warren, H. 
S., Vogel, F. R., and Chedid, L. A. Annu. Rev. Immunol 4:369, 1986; Gupta, 
R. K. et al. Vaccine 11:293, 1993); liposomes (Reddy, R. et al, J. Immunol 
148:1585, 1992; Rock, K. L., Immunol Today 17:131, 1996); or, particle- 
absorbed cDNA or other polynucleotides of the invention (Ulmer, J. B. et al, 
. Science 259:1745, 1993; Robinson, H. L., Hunt, L. A., and Webster, R. G., 
Vaccine 11:957, 1993; Shiver, J. W. et al. In: Concepts in vaccine 
development, Kaufinann, S. H. E., ed., p. 423, 1996; Cease, K. B., and 
Beizo&ky, J. A., Annu Rev. Immunol 12:923, 1994 and Eldridge, J. H. et al, 
Sem. Hematol 30:16, 1993), etc. Toxin-targeted delivery technologies, also 
known as receptor mediated targeting, such as those of Avant 
Lnmunotherapeutics, Inc. (Needham, Massachusetts) or attached to a stress 
protein, e.g., HSP 96 (Stressgen Biotechnologies Corp., Victoria, BC, Canada) 
can also be used. 

[0152] Compositions of the invention comprise polynucleotide-mediated 

modalities. DNA or RNA encoding one or more of the peptides of the 
invention can be administered to a patient. This approach is described, for 
instance, in Wolff e/. al. Science 247:1465 (1990) as well as U.S. Patent Nos. 
5,580,859; 5,589,466; 5,804,566; 5,739,118; 5,736,524; 5,679,647; and, WO 
98/04720. Examples of DNA-based delivery technologies include "naked 
DNA", facilitated (bupivicaine, polymers {e.g,, PVP, PINC, etc.), peptide- 
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mediated) delivery, cationic lipid complexes, and particle-mediated ("gene 
gun") or pressure-mediated delivery (see, eg., U.S. Patent No. 5,922,687). 
Accordingly, peptides of the invention can be e^ressed by viral or bacterial 
vectors. Examples of expression vectors include attenuated viral hosts, such 
as Modified Vaccinia Ankara (MVA) (e.g.. Bavarian Noridic), vaccinia or 
fowlpox. For raaxnple, vaccinia virus is used as a vector to express nucleotide 
sequences tibiat encode the peptides of the invention. Upon introduction into 
an acutely or chronically infected host or into a non-infected host, the 
recombinant vaccinia virus expresses the immunogenic pq)tide, and thereby 
elicits an immune response. Vaccinia vectors and mefliods useful in 
immunization protocols are described in, eg., U.S. Patent No. 4,722,848. 
Another vector is BCG (Bacille Calmette Guerin). EGG vectors axe described 
m Stover et al. Nature 351:456-460 (1991). A wide variety of other vectors 
useful for therapeutic administration or immunization of the peptides of the 
invention, eg. adeno and adeno-associated virus vectors, alpha virus vectors, 
retroviral vectors. Salmonella typhi vectors, detoxified anthrax toxin vectors, 
and the like, are apparent to those skilled in the art from the description herein. 

[0153] In certain embodiments, components that mduce T cell responses are 

combined with components that induce antibody responses to the target 
antigen of interest A preferred embodiment of such a composition comprises 
class I and class n epitopes in accordance with the invention. Alternatively, a 
conoposition comprises a class I and/or class II epitope in accordance with tiie 
invention, along with a PADRE® molecule CEpiimnune, San Diego, OA). 

[0154] Compositions of the invention can comprise antigen presenting cells, 

such as dendritic cells. Antigen presenting cells, e.g., dendritic cells, may be 
transfected, e.g., with a polynucleotide such as a minigene construct in 
accordance with the invention, in order to elicit immune responses. The 
peptide can be bound to an HLA molecule on the antigen-resenting cell, 
whereby when an HLA-restricted cytotoxic T lymphocyte (CTL) is present, a 
receptor of the CTL binds to a complex of the HLA molecule and the peptide. 

[0155] The compositions of the invention may also comprise antiviral drugs 

such as interferon-a, or unmune adjuvants such as IL-12, GM-CSF, etc. 
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[0156] Compositions may comprise an HLA heavy chain, p2-microglobulin, 

streptavidin. and/or biotin. The strq,tavidin may be fluorescently labeled. 
Compositions may comprise tetramets {see e.g., U.S. Pat. No. 5,635.363- 
Science 274:94-96 (1996)). A tetramer con,H,sition comprising an HI^ 
heavy chain, P^-micioglobulin, streptavidin, and biotin. The streptavidin may 
be fluorescently labeled. Compositions may also comprise dimers. A dimer 
composition comprises as MHC molecule and an Ig molecule {see e.g., PNAS 
95:7568-73 (1998)). 

[0157] In some embodiments it may be desirable to include in the 

con5,ositions of the invention at least one component which primes cytotoxic 
T lymphocytes. Lipids have been identified as agents capable of priming CTL 
in vivo against viral antigens. For example, palmitic acid residues can be 
attached to the 8-and a- amino groups of a lysine residue and then linked, e.g., 
via one or more linking residues such as Gly, Gly-Gly. Ser. Ser-Ser, or tiie 
like, to an immunogenic peptide. The lipidated peptide can flien be 
administered either directly in a micelle or particle, incorporated into a- 
liposome, or emulsified in an adjuvant, e.g., incomplete Fieund's adjuvant A - 
preferred conq)osition conqmses pahnitic acid attached to e- and a- amino 
gtoi^s of Lys, which is attached via linkage, e.g.. Ser-Ser. to the amino 
terminus of the peptide. 

[0158] As another example of Kpid priming of CTL responses. E. coli 
lipoproteins, such as tripahnitoyi-S-glycerylcysteinlyseryl-serine (P3CSS) can 
be used to prime virus specific CTL when covalently attached to an 
appropriate peptide {see, e.g., Deres. et al. Nature 342:561, 1989). Peptides 
of the invention can be coupled to P3CSS, for example, and the lipopeptide 
administered to an individual to specifically prime a CTL response to the 
target antigen. Moreover, because the induction of neutralizing antibodies can 
also be primed with PaCSS-conjugated epitopes, two such compositions can 
be combined to more effectively eUcit both humoral and cell-mediated 
responses. 

I0159J Another preferred embodiment is a composition comprising one or 

more peptides of the invention emulsified in IFA. 
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[0160] Compositioiis of the invention may also comprise CTL and/or HTL 

peptides. Such CTL and HTL peptides can be modified by the addition of 
amino acids to tide temiini of a peptide to provide for ease of linking peptides 
one to another, for coupling to a carrier siq)port or larger peptide, for 
modifying tiie physical or chemical properties of the peptide or oligopeptide, 
or the like. Amino acids such as tyrosine, cysteine, lysme, glutamic or 
aspartic acid, or naturally or unnaturally occuring amino acid residues, can be 
introduced at the carboxyl- or amino-terminus of the peptide or oligopeptide, 
particularly class I peptides. However, it is to be noted that modification at the 
carboxyl terminus of a CTL epitope may, in some cases, alter binding 
characteristics of the peptide. In addition, the peptide or oligopeptide 
sequences can differ from the natural sequence by being modified by temiinal- 
NH2 acylation, e.g,, by alkanoyl (C1-C20) or thioglycolyl acetylation, terminal- 
carboxyl amidation, eg., ammonia, methylamine, etc. In some instances these 
modifications may provide sites for linking to a support or other molecule. 
CTL and HTL epitopes may comprise additional amino acids, such as those 
described above including spacers. 

[0161] A further embodiment of a composition in accordance with the 

invention is an antigen presenting cell that comprises one or more peptides in 
accordance with the invention. The antigm presenting cell can be a 
^^professional" antigen presenting cell, such as a dendritic cell. The antigen 
presenting cell can comprise the peptide of the invention by any means known 
or to be determined in the art. Such means include pulsing of dendritic cells 
with one or more individual peptides, by nucleic acid administration such as 
ballistic nucleic acid delivery or by other techniques in the art for 
administration of nucleic acids, including vector-based, e.g. viral vector, 
delivery of nucleic acids. 
[0162] Compositions may comprise carriers. Carriers that can be used with 

compositions of the invention are well known in the art, and include, e.g„ 
thyroglobulin, albumins such as human serum albumin, tetanus toxoid, 
polyamino acids such as poly L-lysine, poly L-glutamic acid, influenza virus 
proteins, hepatitis B virus core protein, and the like. 
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[0163] The coirq)ositioiis (e.g. phannaceutical compositions) can contain a 
physiologicaUy tolerable diluent such as water, or a saline solution, preferably 
phosphate buffered saline. Additionally, as disclosed herein, CTL responses 
can be primed by conjugating peptides of the invention to Kpids, such as 
tripahnitoyl-S-glyceryl-cysteinyl-seryl-serine (P3CSS). 
[0164] Compositions of the invention may be phaimaceutically acceptable 

compositions. Phannaceutical compositions preferably contain an 
immunologicaUy effective amount of one or more peptides and/or 
polynucleotides of the invention, and optionally one or more other 
components which are pharmaceuticaUy acceptable. A preferred composition 
comprises one or more peptides of the invention and IFA. A more preferred 
composition of the invention comprises one or more peptides of the invention, 
one or more pq)tides, and IFA. 
[0165] Upon immunization with a peptide and/or polynucleotide and/or 
composition in accordance with the inveation, via injection (e.g., SC, ID, JM), 
aerosol, oral, transdermal, transmucosal, intrapleural, intrathecal, or other 
suitable routes, the immune system of the host responds to the vaccine by an 
immune response comprising the production of antibodies, CTLs and/or HTLs 
specific for the desired antigen(s). Consequently, the host becomes at least 
partially immune to subsequent exposure to the TAA(s), or at least partially 
resistant to further development of TAA-bearing cells and thereby derives a 
prophylactic or therq>eutic benefit 
[0166] Furthemaore, the pqjtides, primers, and epitopes of the invention can 

be used in any desired immunization or administration regimen; e.g., as part of 
periodic vaccinations such as annual vaccmations as in the veterinary arts or as 
in periodic vaccinations as inihe human medical aits, or as in a prime-boost 
regime wherein an inventive vector or recombinant is administered either 
before or after the administration of the same or of a different epitope of 
interest or recombinant or vector expressing such as a same or different 
epitope of interest (including an inventive recombmant or vector expressing 
such as a same or different epitope of interest), see, e.g., U.S. Pat. Nos. 
5,997,878; 6,130,066; 6,180,398; 6,267,965; and 6,348,450. An useful viral 
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vector of the present invention is Modified Vacdnia Ankara (MVA) (e,g.. 
Bavarian Noridic (MVA-BN)), 
[0167] Recent studies have indicated that a prime-boost protocol, whereby 

inununization with a poxvirus recombinant expressing a foreign gene product 
is followed by a boost using a purifired subunit preparation fonn of that gene 
product, elicits an enhanced immune response relative to the response elicited 
with eitiier product alone. Human volunteers immunized with a vaccinia 
recombinant expressing the HIV-1 envelope glycoprotein and boosted with 
purified HIV-1 envelope glycoprotein subunit preparation exhibit higher HIV- 
1 neutralizing antibody titers than individuals immunized with just the 
vaccinia recombinant or purified envelope glycoprotein alone (Graham et al, 
J, Infect Dis., 167:533-537 (1993); Cooney a/ a/., Proc, Natl Acad, Set USA, 
90:1882-1886 (1993)). Humans immunized with two injections of an 
ALVAC-HIV-1 env recombinant (vC3>125) failed to develop HIV specific 
antibodies. Boosting with purified rgpl60 from a vaccinia virus recombinant 
resulting in detectable HIV-1 neutraUzing antibodies. Furthermore, specific 
lymphocyte T ceU proUferation to rgpl60 was clearly increased by the boost 
with rgpl60. Envelope specific cytotoxic lymphocyte activity was also 
detected with this vaccination regimen (Pialoux et al, AIDS Res. and Hum. 
Retroviruses, 11:272-381 (1995)). Maicaques immunized with a vaccinia 
recombinant eiqiressing the simian immunodeficiency virus (SIV) envelope 
glycoprotem and boosted with SIV envelope glycoprotein from a baculovirus 
recombinant are protected against SIV chaUenge (Hu et al., AID Res. and 
Hum. Retroviruses, 3:615-620 (1991); Hu etaL, Science 255:456-459 (1992)). 
In the same fashion, purified HCMVgB protein can be used in prime-boost 
protocols with NYVAC or ALVAC-gB recombinants. 
[0168] In certain embodiments, the polyaucleotides are complexed in a 

liposome preparation. Liposomal preparations for use in the instant invention 
mclude cationic (positively charged), anionic (negatively charged) and neutral 
preparations. However, cationic liposomes are particularly preferred because a 
tight charge complex can be formed between the cationic liposome and the 
polyanionic nucleic acid. Cationic liposomes have been shown to mediate 
intracellular deUvery of plasmid DNA (Feigner et al, Proc. Natl Acad. Sci. 
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USA 84:74137416 (1987), which is herein incoiporated by reference); mRNA 
(Malone et al, Proc Natl Acad. Set. USA 55:60776081 (1989), which is 
herein incoiporated by reference); and purified transcription factors (Debs et 
al, J. Biol Chem. 255:1018910192 (1990), which is herein incorporated by 
reference), in functional form. 

[0169] Cationic liposomes are readily available. For example, N-[12,3- 

dioleyloxy)-propyl]-N,N,N-triethylammomiim (DOTMA) liposomes are 
particularly useful and are available under the trademark Lipofectin, from 
GIBCO BRL, Grand Island, N.Y. (See, also. Feigner et al, Proc. Natl Acad. 
Sol USA 5^:74137416 (1987)). Other commercially available Uposomes 
include transfectace (DDAB/DOPE) and DOTAP/DOPE (Boehringer). 

[0170] Other cationic liposomes can be prepared from readily available 

materials using techniques well known in the art. See, e.g. PCX Publication 
No. WO 90/11092 for a description of the synthesis of DOTAP 
. (l,2-bis(oleoyloxy)-3-(trimethylammomo)propane) liposomes. Preparation of 
DOTMA liposomes is explained in the literature, see, e.g., P. Feigner et al^ 
Proc. Natl Acad. Sci. USA 5^:74137417. Similar methods can be used to 
prepare liposomes from other cationic lipid materials. 

[0171] . Similarly, aniouic and neutral liposomes are readily available, such as 
from Avanti Polar Lipids (Birmingham, Ala.), or can be easily prepared using 
readily available materials. Such materials include phosphatidyl, choline, 
cholesterol, phosphatidyl ethanolamine, dioleoylphosphatidyl choline 
(DOPC), dioleoylphosphatidyl glycerol (DOPG), dioleoylphoshatidyl 
ethanolamine (DOPE), among others. These materials can also be mixed with 
the DOTMA and DOTAP starting materials in appropriate ratios. Methods for 
making liposomes using these materials are well known in the art. 

[0172] For example, commercially available dioleoylphosphatidyl choline 

(DOPC), dioleoylphosphatidyl glycerol (DOPG), and dioleoylphosphatidyl 
ethanolamine (DOPE) can be used in various combinations to make 
conventional liposomes, with or without the addition of cholesterol. Thus, for 
example, DOPG/DOPC vesicles can be prepared by drying 50 mg each of 
DOPG and DOPC under a stream of nitrogen gas into a sonication vial. The 
sample is placed under a vacuum pump overnight and is hydrated the 
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following day with deionized water. The sample is then sonicated for 2 homs 
in a capped vial, using a Heat Systems model 350 sonicator equipped witii an 
inverted cup (bath type) probe at the maYinnini setting while the bath is 
circulated at ISEC. Alternatively, negatively charged vesicles can be prepared 
without sonication to produce multilamellar vesicles or by extrusion through 
nucleopore membranes to produce unilamellar vesicles of discrete size. Other 
methods are known and available to those of skill in the art. 
[01731 The Hposomes can comprise multilamellar vesicles (MLVs), small 

unilamellar vesicles (SUVs), or large unilamellar vesicles (LUVs), with SUVs 
being preferred. The various liposome nucleic acid complexes are prepared 
using methods well known in the art. See, e.g., Straubinger et al. Methods of 
Immunology 101:512527 (1983). For example, MLVs containing nucleic acid 
can be prepared by depositmg a thin jBlm of phospholipid on the walls of a 
glass tube and subsequently hydrating with a solution of the material to be 
encapsulated. SUVs are prepared by extended sonication of MLVs to produce 
a homogeneous population of unilamellar Uposomes. The material to be 
entrapped is added to a suspension of preformed MLVs and then sonicated. 
When using liposomes containing cationic lipids, the dried Upid film is 
resuspended in an appropriate solution such as sterile water or an isotonic 
buffer solution such as 10 mM Tris/NaCl, sonicated, and then the preformed 
liposomes are mixed directly with the DNA. The liposome and DNA form a 
very stable complex due to binding of the positively charged liposomes to the 
cationic DNA. SUVs find use with small nucleic acid firagments. LUVs are 
prepared by a number of methods, well known in the art. Commonly used 
methods include Ca^'*'-EDTA chelation (Papahadjopoulos et al^ Biochim. 
Biophys, Acta 394:m (1975); Wilson et al. Cell 17:11 (1979)); ether 
injection (Deam^, D. and Bangham, A, Biochim. Biophys. Acta 443:629 
(1976); Ostro et al, Biochem. Biophys. Res. Commun. 75:836 (1977); Fraley 
et al, Proc. Natl Acad. ScL USA 75:3348 (1979)); detergent dialysis (Enoch, 
H. and Strittmatter, P., Proc. Natl Acad. Sci. USA 75:145 (1979)); and 
reversephase evaporation (REV) (Fraley et al, J. Biol Chem. 255:10431 
(1980); Szoka, F. and Papahadjopoulos, D., Proc. Natl. Acad. Sci. USA 75:145 
(1978); SchaeferRidder et al. Science 215:166 (1982)). 
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[01741 Generally, the ratio of DNA to liposomes will be from about 10:1 to 

about 1:10. Preferably, &e ration will be from about 5:1 to about 1:5. More 
preferably, the ration will be about 3:1 to about 1:3. Still more preferably, the 
ratio will be about 1:1. 

[01751 U.S. Patent No. 5,676,954 reports on the injection of genetic material, 

complexed with cationic liposomes carriers, into mice. U.S. Patent Nos. 
4,897,355, 4,946,787, 5,049,386, 5,459,127, 5,589,466, 5,693,622, 5,580,859, 
5,703,055, and intemational publication no. WO .94/9469 provide cationic 
lipids for use in transfecting DNA into cells and mammals. U.S. Patent Nos. 
5,589,466, 5,693,622, 5,580,859, 5,703,055, and intemational publication no. 
WO 94/9469 provide methods for delivering DNA-cationic lipid complexes to 
mammals. 

Binding Affinity of Epitopes and Analogs for HLA Molecnles 

[01761 As indicated herein, the large degree of HLA polymorphism is an 

important factor to be taken into account with the epitope-based approach to 
developing therapeutics and diagnostics. To address this factor, epitope 
• selection encompassing identification of peptides capable of binding at high or 
intermediate affinity to multiple HLA molecules is preferably utilized, most 
preferably these epitopes bind at high or intermediate affinity to two or more 
allele-specific HLA molecules. However, in some embodiments, it is 
preferred that all epitopes in a given composition bind to the alleles of a single 
HLA supertype or a single HLA molecule. 

[0177] Epitopes and analogs of the invention preferably include those that 

have an IC50 or binding affinity value for a class I HLA molecule(s) of 500 
nM or better (z.^., the value is ^ 500 nM). In certain embodiments of the 
invention, peptides of interest have an IC50 or binding affinity value for a class 
I HLA molecule(s) of 200 nM or better. In certain embodiments of the 
invmtion, peptides of interest, such as Al and A24 peptides, have an IC50 or 
binding affinity value for a class I HLA molecule(s) of 100 nM or better. If 
HTL epitopes are included, they preferably are HTL epitopes that have an IC50 
or binding affinity value for class n HLA molecules of 1000 nM or better. 
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(i.€.y the value is ^ 1,000 nM). For example, peptide binding is assessed by 
testing the capacity of a candidate peptide to bind to a purified HLA molecule 
in vitro. Peptides exhibiting higji or intennediate afiBmity are tiien considered 
for further analysis. Selected peptides are generally tested on other members 
of the supertype family. In preferred embodiments, peptides that exhibit 
cross-reactive binding are then used in cellular screening analyses or vaccines. 
[0178] The relationship between binding affinity for HLA class I molecules 

and immunogenicity of discrete peptide epitopes on boimd antigens was 
determined for the jBrst time by inventors at Epimmune. As disclosed in 
greater detail herein, higher HLA binding affinity is correlated with greater 
immunogenicity. 

[0179] Greater immunogenicity can be manifested in several different ways. 

Immunogenicity corresponds to whether an immune response is elicited at all, 
and to the vigor of any particular response, as well as to the extent of a 
population in which a response is elicited. For example, a peptide might elicit 
an immune response in a diverse array of the population, yet in no instance 
produce a vigorous response. In accordance with these principles, close to 
90% of high binding peptides have been found to elicit a response and thus be 
"immunogenic," as contrasted with about 50% of the peptides that bind with 
intermediate affinity. (See, e.g., SchaeflFer et al PNAS (1988)) High affinity- 
binding class I peptides generally have an affinity of less than or equal to 100 
nM. Moreover, not only did peptides with higher binding affinity have an 
enhanced probability of generating an immune response, the generated 
response tended to be more vigorous than the response seen with weaker 
binding peptides. As a result, less peptide is required to elicit a similar 
biological effect if a high affinity binding peptide is used rather than a lower 
affinity one. Thus, in some preferred embodiments of the invention, high 
affinity binding epitopes are used. 

[0180] The correlation between binding affinity and immunogenicity was 

analyzed by the present inventors by two different experimental approaches 
{see, e.g., Sette, et al, J. Immunol 153:5586-5592 (1994)). In the first 
approach, the immunogenicity of potential q)itopes ranging in HLA binding 
affinity over a 10,000-fold range was analyzed in HLA-A*0201 transgenic 
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mice. In the second approach, the antigenicity of sqpproximately 100 diffmnt 
hq>atitis B virus (HBV)-derived potential epitopes, all carrying A'*'0201 
binding moti&, was assessed by using PBL from acute hepatitis patients. 
Pursuant to these approaches, it was determined that an afiSnity threshold 
value of approximately 500 nM (preferably 50 nM or less) determines the 
capacity of a peptide q)itope to elicit a CTL response. These data are true for 
class I binding affinity measurements for naturally processed peptides and for 
synthesized T cell epitopes. These data also indicate the important role of 
• determinant selection in the shaping of T cell responses {see, e,g,, Schaeffer et 
al Proc, Natl Acad. Set USA 86:4649-4653 (1989)). 

[0181] An aflBnity threshold associated with immunogenicity in the context of 

HLA class U (/.e., HLA DR) molecules has also been delineated {see, e.g,, 
Southwood et al J. Immunology 160:3363-3373 (1998), and U.S. Patent No. 
6,413,527, issued July 2, 2002). In order to define a biologically significant 
threshold of HLA class II binding affinity, a database of the binding affinities 
of 32 DR-restricted epitopes for their restricting element (/.e., the HLA 
molecule that binds the epitope) was compiled. In approximately half of the 
' cases (15 of 32 epitopes), DR restriction was associated with high binding 
affinities, i,e. binding affinity values of 100 nM or less. Li the other half of the 
cases (16 of 32), DR restriction was associated with intermediate affinity 
(binding affinity values in the 100-1000 nM range). In only one of 32 cases 
was DR restriction associated with an IC50 of 1000 nM or greater. Thus, 1000 
nM is defined as an affinity threshold associated with immunogenicity in the 
context of DR inolecules. 

[0182] The binding affinity of peptides for HLA molecules can be determined 

as described in Example 3, below. 

Epitope Binding Motifs and Supermotifs 

[0183] Through the study of single amino acid substituted antigen analogs and 

the sequencing of endogenously bound, naturally processed peptides, critical 
residues required for allele-specific binding to HLA molecules have been 
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identified. The presence of these residues in a peptide correlates with both the 
probability of binding and with binding afSnity for HLA molecules. 

[0184] The identification of motifs and/or siq)emiotifi that correlate with high 

and intermediate afGnity binding is important when identifying immunogenic 
peptide epitopes for the inclusion in a vaccine. Kast et al. (J. Immunol 
152:3904-3912 (1994)) have shown ftiat motif-bearing peptides account for 
90% of the epitopes that bind to allele-specific HLA class I molecules. Li the 
Kast study, all possible 9 amino acid long pq)tides, each overlapping by eight 
amino acids, which cover the entire sequence of the E6 and E7 proteins of 
human papillomavirus type 16 were generated, which produced 240 peptides. 
All 240 peptides were evaluated for binding to five allele-specific HLA 
molecules that are expressed at high frequency among diflGorent ethnic groups. 
This imbiased set of peptides allowed an evaluation of the predictive values of 
HLA class I motifs. From the set of 240 peptides, 22 pq)tides were identified 
that bound to an allele-specific HLA molecule with high or intermediate 
affinity. Of these 22 peptides, 20 (Le. 91%) were motif-bearing. Thus, this 
study d^onstrated the value of motifs for identification of peptide epitopes to 
be included in a vaccine. 

[0185] Accordingly, the use of motif-based identification techniques identifies 

^proximately 90% of all potential epitopes in a target protein sequence. 
Without the disclosed motif analysis, the ability to practically identify 
immunogenic peptide(s) for use in diagnostics or therapeutics is seriously 
impaired. 

[0186] Peptides, pharmaceutical compositions and vaccines of the present 

invention may also comprise epitopes that bind to MHC class U DR 
molecules. A greater degree of heterogeneity in both size and binding frame 
position of the motif, relative to the N- and C- termini of the peptide, exists for 
class n peptide ligands. This increased heterogCT.eity of HLA class n peptide 
ligands is due to the structure of the binding groove of the HLA class n 
molecule which, unlike its class I counterpart, is less physically constricted at 
both ends. Crystallographic analysis of HLA class n DRB*0101-peptide 
complexes to identify the residues associated with major binding energy 
id^tified those residues complexed with complementary pockets on the 
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DRBPOlOl molecules. An important anchor residue engages the deepest 
hydrophobic pocket {see, e.g,. Madden, D.R. Ann. Rev. Immunol. 13:587 
(1995)) and is referred to as position 1 (PI). PI may rq)resent the N-tenninal 
residue of a class H binding peptide epitope, but more typically is jQatiked 
towards the N-tenninus by one or more residues. Other studies have also 
pomted to an important role for the peptide residue in the sixth position 
towards the C-terminus, relative to PI, for binding to various DR molecules. 
See, e.g., U.S. Patent 5,736,142, and co-pending applications entitled 
Alteration Of Immune Responses Using Pan DR Binding Peptides, U.S.S.N. 
09/709,774, filed November 8, 2000 and 09/707,738, filed November 6, 2000. 

[0187] Thus, a large fi-action of HLA class I and class II molecules can be 

classified into a relatively few supertypes, each respective supertype 
characterized by largely overlapping peptide binding repertoires, and 
consensus structures of the main peptide binding pockets. Thus, peptides of 
the present invention are preferably identified by any one of several HLA- 
specific amino acid motifs (see, e,g,. Tables 2-4), or if the presence of tiie. 
motif corresponds to the ability to bind several allele-specific HLA antigens, a 
supermotif {see, e.g.. Tables 14-16d). 

[0188] The primary anchor residues of the HLA class I peptide epitope 

si^ennotife and motifs are sununarized in Tables 2 and 14. The HLA class I 
motife set out in Tables 2, 2a and 14 are particularly relevant to the invention 
claimed here. Primary and secondary anchor positions for HLA Class I are 
summarized in Table 3. Allele-specific HLA molecules that are comprised by 
.ttie various HLA class I supertypes are listed in Table 5. In some cases, 
patterns of amino acid residues are present in both a motif and a si5)emiotif 
The relationship of a particular motif and any related supermotif is indicated in 
the description of the individual motife. 

[0189] Thus, the pq)tide motife and supemoiotifs described below, and 

sunamarized in Tables 2-4 and 14, provide guidance for the identification and 
use of peptide epitopes in accordance with the invention. 

HLA-Al supermotif 
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[0190] The HLA-Al siq}enttotif is characterized by fhe presence in peptide ligands 

of a small (T or S) or hydrophobic (L, I, V, or M) primary anchor residue in position 
2, and an aromatic (Y» or W) primary anchor residue at the C-terminal position of 
the epitope. The corresponding family of HLA molecules that bind to the Al 
supennotif (/.e., the HLA-Al supertype) is comprised of at least A*0101, A*2601, 
A*2602, A*2501, A*2902 and A*3201 (Sette, et al Immunogenetics 50:201 (1999)). 
Other allele-specific HLA molecules predicted to be members of the Al superfanoily 
are shown in Table 5. 

EDLA-Al motif 

[0191] The HLA-Al motif is characterized by the pres^ce in peptide 

ligands of T, S, or M as a primary anchor residue at position 2 and tiie 
presence of Y as a primary anchor residue at the C-tenninal position of the 
epitope. An alternative allele-specific Al motif is characterized by a primary 
anchor residue at position 3 rather than position 2. This motif is characterized 
by the presence of D, E, A, or S as a primary anchor residue in position 3, and 
a Y as a primary anchor residue at the C-terminal position of the epitope (see» 
;e.g., DiBrino et al., J. Immunol., 152:620, 1994; Kondo et al., Immunogenetics 
45:249, 1997; and Kubo et al., L hnmunoL 152:3913, 1994 for reviews of 
relevant data). 

HLA-A3 supermotif 

[0192] . The HLA-A3 supermotif is characterized by the presence in peptide ligands 
of A, L, i V, M, S, or, T as a primary anchor at position 2, and a positively charged 
residue, R or K, at the C-terminal position of the epitcype, eg., in position 9 of 9-mer5 
(see, e,g., Sidney et al.. Hum. Immunol 45:79, 1996). Exeinplary members of tiie 
corresponding family of HLA molecules (the HLA-A3 supertype) that bind the A3 
siq)ermotif include at least A*0301, A*1101, A*3101, A*3301, and A*6801. Other 
allele-specific HLA molecules predicted to be members of the A3 supertype axe 
shown in Table 5. 

HLA-A3 motif 
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[0193] The HLA-A3 motif is characterized by the presence in peptide ligands of L, 

.M, V, I, S, A, T, F, C, G, or D as a primary anchor residue at position 2, and the 
presence of K, Y, R, H, F, or A as a primary anchor residue at the C-terminal position 
of the epitope {see, e,g., DiBrino et al, Proc, Natl Acad. Sci USA 90:1508, 1993; and 
Yinhoetal, J. Immunol 152:3913-3924, 1994). 

i 

HLA-A24 supermotif 

[0194] The HLA-A24 supermotif is characterized by the presence in peptide ligands 

of an aromatic (F, W, or Y) or hydrophobic aliphatic (L, I, V, M, or T) residue as a 
primary anchor in position 2, and Y, F, W, L, I, or M as primary anchor at the C- 
terrpinal position of the epitope {see, e.g., Sette and Sidney, Immimogenetics, 50:20U 
212,1999). The corresponding family of HLA. molecules that bind to the A24 
sv5)CTmotif (1.6., the A24 supertype) includes at least A*2402, A*3001, A*2301 and 
A'^3002. Other allele-specific HLA molecules predicted to be members of the A24 
supertype are shown in Table 5. 

HLA-B7 supermotif 

[0195] The HLA-B7 siq)ennotif is characterized by peptides bearing proline 

in position 2 as a primaiy anchor, and a hydrophobic or aliphatic amino acid 
(L, I, V, M, A, F, W, or Y) as the primary anchor at the C-tenninal position of 
the epitope. The corresponding fandly of HLA molecules that bind the B7 
supermotif (ie., the HLA-B7 supertype) is comprised of at least twenty six 
HLA-B proteins including: B*0702, B*0703, B*0704, B*0705, B*1508, 
B*3501, B*3502, B*3503, B*3504, B*3505, B*3506, B*3507, B*3508, 
B*5101, B*5102, B*5103, B*5104, B*5105, B*5301, B*5401, B*5501, 
B*5502, B*5601, B*5602, B*6701, and B*7801 (see, e,g., Sidney, et al. J. 
Immunol 154:247, 1995; Barber, et al, Curr. Biol 5:179, 1995; Hill, et al, 
Mat/lire. 360:434, 1992; Rammensee, et al, Immunogenetics 41:178, 1995 for 
reviews of relevant data). Other allele-specific HLA molecules predicted to be 
members of the B7 siq)ertype are shown in Table 5. 



72 



wo 2004/052917 



PCTAJS2003/038949 



HLA-B44 supermotif 

[0196] The HLA-B44 supermotif is characterized by the presence in peptide 

Kgands of negatively charged (D or E) residues as a primary anchor in position 
2, and a hydrophobic residues (F, W, Y, I, M, T, L, A, or V) as the primary 
anchor of the C-terminal position of flie epitope (see, e.g., Sidney et al. 
Immunol. Today 1 7:261, 1996). Exemplary members of the corresponding 
femily of HLA molecules that bind to the B44 si^ennotif (i.e., the HLA-B44 
supertype) includes at least: B*1801, B*4001(B60), B*4002 (B61), B*4402, 
B*4403, and B*4501. Oflier allele-specific HLA molecules predicted to be 
members of the B44 supertype are shown in Table 5. 

HLA-A2 supermotif 

[0197] Primary anchor specificities for allele-specific HLA-A2.1 molecules 

{see, e.g., Falk et al. Nature 351:290-296 (1991); Hunt et al. Science 
255:1261-1263 (1992); Parker et al, J, Immunol 149:3580-3587 (1992); 
Ruppert et al. Cell 74:929-937 (1993)) and cross-reactive binding among 
HLA-A2 and -A28 molecules have been described. {See, e.g., Fruci et al. 
Human Immunol 38:187-192 (1993); Tanigaki et al. Human Immunol 
• 39:155-162 (1994); del Guercio et al, J. Immunol 154:685-693 (1995); Kast 
et al, J, Immunol 152:3904-3912 (1994) for reviews of relevant data.) These 
primary anchor residues define the HLA-A2 supermotif; which when present 
in peptide ligands corresponds to the ability to bind several different HLA-A2 
and -A28 molecules. The HLA-A2 supermotif comprises pq)tide ligands with 
L, I, V, M, A, T, or Q as aprimary anchor residue at position 2 and L, I, V, M, 
A, or T as a primary anchor residue at the C-terminal position of the epitope. 

[0198] The corresponding jfemily of HLA molecules (z.e., the HLA-A2 

supertype that binds these pq)tides) is comprised of at least: A*0201, 
A*0202, A*0203, A*0204, A*0205, A*0206, A*0207, A*02Q9, A*0214, 
A*6802, and A*690L Other allele-specific HLA molecules predicted to be 
members of the A2 superfemily are shown in Table 5. As explained in detail 
below, bmding to each of the individual allele-specific HLA molecules can be 
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modulated by substitutions at the primary anchor and/or secondary anchor 
positions, preferably choosing respective residues specified for the supennotif. 

HLA-A*0201 motif 

[0199] An HLA-A2*0201 motif was detamined to be characterized by the 

presence in peptide ligands of L or M as a primary anchor residue in position 
2, and L or V as a primary anchor residue at the C-tenninal position of a 9- 
residue peptide {see, e.g., Falk et al. Nature 351:290-296 (1991)) and was 
further found to comprise an I at position 2 and I or A at the C-temiinal 
position of a nine amino acid peptide (see, e.g.. Hunt et al. Science 255:1261- 
1263, March 6, 1992; Parker et al, J. Immunol 149:3580-3587 (1992)) and 
position 10 of a decamer peptide. The A*0201 allele-specific motif has also 
been defined by the present inventors to additionally comprise V, A, T, or Q 
as a primary anchor residue at position 2, and M or T as a primary anchor 
residue at the C-terminal position of the epitope {see, e,g., Kast et al, J, 
Immunol 152:3904-3912, 1994). 

[02001 Thus, tiie HLA-A*0201 motif comprises peptide ligands with L, I, V, 

M, A, T, or Q as primary anchor residues at position 2 and L, I, V, M, A, or T 
as a primary anchor residue at the C-temiinal position of the epitope. For this 
motif-supermotif relationship the preferred and less preferred/tolerated 
residues that characterize the primary anchor positions of the HLA-A*0201 
motif are identical to the residues describing the A2 supennotif (For reviews 
of relevant data, see, e.g., del Guercio et al, J, Immunol 154:685-693, 1995; 
Ruppert et al. Cell 74:929-937, 1993; Sidney et al, Immunol Today 17:261- 
266, 1996; Sette and Sidney, Curr. Opim in Immunol 10:478-482, 1998). 
Secondary anchor residues that characterize the A*0201 motif have 
additionally been defined {see, e.g., Ruppert et al. Cell 74:929-937, 1993). 
These secondary anchors are shown in Table 3. Peptide binding to HLA- 
A*0201 molecules can be modulated by substitutions at primaiy and/or 
secondary anchor positions, preferably choosing respective residues specified 
for the motif 
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HLA-A24 motif 

[0201] The HLA-A24 motif is characterized by the presence in pq)tide 

ligands of Y, F, W, or M as a primary anchor residue in position 2, and F, L, I, 
or W as a primary anchor residue at the C-terminal position of the epitope 
{see, e.g., Kondo et al, J. Immunol 155:4307-4312, 1995; and Kubo et al, J. 
Immunol 152:3913-3924, 1994). 

Motifs Indicative of Qass n HTL Inducing Peptide Epitopes 

[0202] The primary and secondary anchor residues of flie HLA class n 

peptide epitope supennoti& and moti& are summarized in Table 4. Also see, 
U.S. Patent 5,736,142, 5,679,640 and 6,413,935; co-pending applications 
entitled Alteration Of Immune Responses Using Pan DR Binding Peptides, 
U.S.S.N. 09/709,774, filed November 8, 2000 and 09/707,738, filed 
November 6, 2000; and PCT publication Nos. WO 95/07707 and WO 
97/26784, 

Enhancing Population Coverage of the Vaccine 

[0203] As set forOi in Tables 2 through 4, there are neumerous additional 

supermotife and motife in addition to the A2 supermotif and the A2.1-allel 
specific motif that presently are a focus of the present application. By 
inclusion of one or more epitopes 6om other moti& or supermotifs, enhanced 
population coverage for major global ethnicities can be obtained. 

Immune Response-Stimulating Peptide Analogs 

[0204] In general, CTL and HTL responses are not directed against all 

possible epitopes. Rather, they are restricted to a few 'immunodominant" 
determinants (Zinkemagel, et al. Adv. Immunol 27:5159, 1979; Bennink, et 
al, J. Exp. Med. 168:19351939, 1988; Rawle,eM/., J. Immunol 146:3977- 
3984, 1991). It has been recognized that inmiunodominance (Benacerra^ et 
al. Science nS\Tl'i''n9, 1972) could be explained by eiflier the ability of a 



75 



wo 2004/052917 



PCTAJS2003/038949 



given epitope to selectively bind a particular HLA protein (determinant 
selection theory) (Vitiello, et al.y J, Immunol 131:1635, 1983); Rosenthal, et 
al, Nature 267:156-158, 1977), or to be selectively recognized by the existing 
TCR (T cell receptor) specificities (rq)ertoire theory) (Klein, J., 
Immunology, the Science of SelfNonself Discrimination, John Wiley & 
Sons, New York, pp. 270-310, 1982). It has been demonstrated that additional 
factors, mostly linked to processing evmts, can also play a key role in 
dictating, beyond strict immunogenicity, which of the many potential 
determinants will be presented as immunodominant (Sercarz, et al, Amu. 
Rev. Immunol. 11:729-766, 1993). 

[0205] The concept of dominance and subdominance is relevant to 

immimotherapy of both infectious diseases and malignancies. For example, in 
the course of chronic viral disease, recruitment of subdominant epitopes can 
be important for successful clearance of the infection, especially if dominant 
CTL or HTL specificities have been inactivated by functional tolerance, 
suppression, mutation of viruses and other mechanisms (Franco, et ai, Curr. 
Opin. Immunol 7:524-531, 1995). Li the case of cancer and tumor antigens, 
CTLs recognizing at least some of the highest binding afiSnity peptides might 
be fimctionally inactivated. Lower binding afBnity peptides are preferentially 
recognized at these times, and may therefore be preferred in therapeutic or 
prophylactic anti-cancer vaccines* 

[0206] In particular, it has been noted tiiat a significant number of epitopes 

derived fix)m known non-viral tumor associated antigens (TAA) bind HLA 
class I with intermediate affinity (ICso in the 50-500 nM range) rather than at 
high affinity (IC50 of less than 50 nM). 

[0207] For example, it has been found tiiat 8 of 15 known TAA peptides 

recognized by tumor infiltrating lymphocytes (TIL) or CTL bound in the 50- 
500 nM range. (These data are in contrast with estimates that 90% of known 
viral antigens were bound by HLA class I molecules with IC50 of 50 nM or 
less, while only approximately 10% bound in the 50-500 nM range (Sette, et 
al, J. Immunol, 153:558-5592, 1994). In flie cancer setting this phenomenon 
is probably due to elimination or functional inhibition of the CTL recognizing 
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several of the highest binding peptides/ presumably because of T cell 
tol^ization events. 

[0208] Without intending to be bound by theory, it is believed that because T 

cells to dominant epitopes may have been clonally deleted, and selecting 
subdominant epitopes may allow existing T cells to be recruited, which will 
then lead to a therapeutic or prophylactic response. However, tiie bmding of 
HLA molecules to subdominant epitopes is often less vigorous than to 
dominant ones. 

[0209] Accordingly, there is a need to be able to modulate the binding affinity 

of particular inmiunogenic epitopes for one or more HLA molecules, to 
thereby modulate the immune response elicited by the peptide, for example to 
prepare analog peptides which elicit a more vigorous response. This ability to 
modulate both binding affinity and the resulting immxme response in 
accordance with the present invention greatly enhances the usefulness of 
peptide epitope-based vaccines and therapeutic agents. 

[0210] Although peptides with suitable cross-reactivity among all alleles of a 

superfamily are identified by the screening procedures described above, cross- 
reactivity is not always as conoplete as possible, and in certain cases 
procedures to increase cross-reactivity of peptides can be useful; moreover, 
such procedures can also be used to modify other properties of the peptides 
such as binding affinity or pq>tide stability. Having established the general 
rules that govern cross-reactivity of peptides for HLA alleles within a given 
motif or supermoti^ modification {le,, analoging) of ttie structure of peptides 
of particular interest in order to achieve broader (or otherwise modified) HLA 
binding C2q)acity can be performed. More specifically, peptides that exhibit 
the broadest cross-reactivity patterns, can be produced in accordance with tiie 
teachings herein. The present concepts related to analog generation are set 
forth in greater detail in co-pending U.S.S.N. 09/226,775 filed 6 January 1999. 

[0211] In brief, the analoging strategy utilizes the motifs or supermotifs that 

correlate with binding to certain HLA molecules. Analog peptides can be 
created by substituting amino acid residues at primary anchor, secondary 
anchor, or at primary and secondary anchor positions. Generally, analogs are 
made for peptides that already bear a motif or supermotif. As noted herein. 
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preferred primary and secondary anchor residues of supermotife and motifs for 
HLA class I and HLA class II binding peptides are shown in Tables 3 and 4, 
respectively. For a number of the moti& or supermotife in accordance with 
the invention, residues are defined which are deleterious to binding to allele- 
specific HLA molecules or members of HLA supertypes that bind the 
respective motif or siq)ennotif (Tables 3 and 4). Accordingly, removal of such 
residues that are detrimental to binding can be performed in accordance with 
the present invention. For example, in the case of die A3 supertype, when all 
peptides that have such deleterious residues are removed fi-om the population 
of peptides used in the analysis, the incidence of cross-reactivity increased 
from 22% to 37% {see, e.g., Sidney, J. et ah, Hu. Immunol 45:79, 1996). 

[0212] Thus» one strategy to improve the cross-reactivity of peptides within a 

given supranotif is simply to delete one or more of the deleterioxis residues 
present within a peptide and substitute a small "neutral" residue such as Ala 
. (that may not influence T cell recognition of the peptide). An enhanced 
likelihood of cross-reactivity is expected if^ together with elimination of 
detrimental residues within a peptide, '"preferred" residues associated with 
high affinity binding to an allele-specific HLA molecule or to multiple HLA 
molecules within a superfamily are inserted. 

[0213] To ensure that an analog peptide, when used as a vaccine, actually 

elicits a CTL response to the native epitope in vivo (or, in the case of class n 
^itopes, elicits helper T cells that cross-react with the wild type peptides), the 
analog peptide may be used to induce T cells in vitro from individuals of the 
appropriate HLA allele. Thereafter, the immunized cells' capacity to lyse wild 
type peptide sensitized target ceUs is evaluated. Alternatively, evaluation of 
the cells' activity can be evaluated by monitoring IFN release. Each of these 
cell monitoring strategies evaluate the recognition of the APC by the CTL. It 
will be desirable to use as antigen presenting cells, cells that have been either 
infected, or transfected with the ^propriate genes, or, (generally only for class 
n epitopes, due to the different peptide processing pathway for HLA class IT), 
cells that have been pulsed with whole protein antigens, to establish whether 
endogenously produced antigen is also recognized by the T cells induced by 
the analog peptide. It is to be noted that peptide/protein-pulsed dendritic cells 
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can be used to present whole protein antigens for both HLA class I and 
class n. 

[0214] Another embodiment of the invention is to create analogs of weak 

binding peptides, to thereby ensure adequate numbers of cellular binders. 
Qass I binding peptides exhibiting binding afiSnities of 500-5000 nM, and 
carrying an acceptable but suboptimal primary anchor residue at one or both 
positions can be ''fixed" by substituting preferred anchor residues in 
accordance witii the respective supertype. The analog peptides can tilien be 
tested for binding and/or cross-binding capacity. 
[0215] Another embodiment of the invention is to create analogs of peptides 

that are aheady cross-reactive binders and are vaccine candidates, but which 
. bind weakly to one or more alleles of a supertype. If the cross-reactive binder 
carries a suboptimal residue (less preferred or deleterious) at a primary or 
secondary anchor position, the peptide can be analoged by substituting out a 
deleterious residue and replacing it with a preferred or less preferred one, or 
by substituting out a less preferred reside and replacing it with a preferred one. 
The analog peptide can then be tested for cross-binding capacity. 
[0216] Another embodiment for generating effective peptide analogs involves 

the substitution of residues that have an adverse impact on peptide stability or 
solubility in, e.g,, 2l liquid environment. This substitution may occur at any 
position of the peptide epitope. For example, a cysteine (C) can be substituted 
in favor of a-amino butyric acid. Due to its chemical nature, cysteine has the 
propensity to form disulfide bridges and sufiBciently alter the peptide 
structurally so as to reduce binding capacity. Substituting a-amino butyric 
acid for C not only alleviates this problem, but actually improves bmding and 
crossbinding capability in certain mstances (see, e.g:, the review by Sette et 
al. In: Persistent Viral Infections. Eds. R. Ahmed and I. Chen, John Wiley & 
Sons, England, 1999). Substitution of cysteine with a-amino butyric acid may 
occur at any residue of a peptide epitope, ie. at either anchor or non-anchor 
positions. 

[0217] Moreover, it has been shown that in sets of A*0201 motif-bearing 

peptides containing at least one preferred secondary anchor residue while 
avoiding the presence of any deleterious secondary anchor residues, 69% of 
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the p^tides will bind A*0201 with an IC50 less than 500 nM (Ruppert, J. et al 
Cell 74:929, 1993). The determination of what was a preferred or deleterious 
residue in Ri:5)pert can be used to generate algorithms. Such algorithms are 
flexible in that cut-oflF scores may be adjusted to select sets of peptides with 
greater or lower predicted binding properties, as desired. 
[0218] In accordance with the procedures described herein, tumor associated 

antigen peptide epitopes and analogs thereof that were found to bind HLA-Al, 
-A2, -A3, -All, -A24, -B7 and -B44 allele-specific molecules and to 
members of the HLA-A2, -All, -B7 and -B44 supertypes have been 
identified. 

[0219] Furthermore, additional amino acids can be added to the termini of a 

peptide to provide for ease of linking peptides one to another, for coupling to a 
carrier support or larger peptide, for modifying the physical or chemical 
properties of the peptide or oligopeptide, or the like. Amino acids such as 
tyrosine, cysteine, lysine, glutamic or aspartic acid, or any naturally occuring 
or any non-naturally occuring amino acid residues, can be introduced at the C- 
and/or N-terminus of the peptide or oligopeptide, particularly class I peptides. 
It is to be noted that modification at the carboxyl terminus of a CTL q)itope 
may, in some cases, alt^ binding characteristics of the peptide. In addition, 
the peptide or oligopq)tide sequences can differ fix)m the nahnal sequence by 
being modified by terminal-NH2 ac)dation, by alkanoyl (C1-C20) or 
thioglycolyl acetylation, terminal-caiboxyl amidatibn, e.g,,. ammonia, 
methylamine, etc. In some iostances these modifications may provide sites for 
linking to a support or oflier molecule. 

Assays to Detect T-Cell Respoftses 

[0220] Once HLA binding peptides are identified, fliey can be tested for the 

ability to elicit a T-cell response. The preparation and evaluation of motif- 
bearing peptides are described, e.g,, in PCT publications WO 94/20127 and 
WO 94/03205. Briefly, peptides comprising epitopes firom a particular antigen 
are synthesized and tested for their ability to bind to relevant HLA proteins. 
These assays may involve evaluation of peptide binding to purified HLA class 
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I molecules in relation to the binding of a radioiodinated reference peptide. 
Alternatively, cells expressing empty class I molecules cell surface HLA 
molecules that lack any bound peptide) may be evaluated for peptide binding 
by immunofluorescent staining and flow microfluorimetry. Other assays that 
may be used to evaluate peptide binding include peptide-dependent class I 
assembly assays and/or the inhibition of CTL recognition by peptide 
competition. Those peptides that bind to an HLA class I molecule, typically 
with' an aflHnity of 500 nM or less, are fiirflier evaluated for their ability to 
serve as targets for CTLs derived from infected or immunized individuals, as 
• well as for their capacity to induce primary in vitro or in vivo CTL responses 
that can give rise to CTL populations capable of reacting with selected target 
cells associated with pathology. 

[0221] Analogous assays are used for evaluation of HLA class U binding 

peptides. HLA class n motif-bearing peptides that are shown to bind, 
typically at an affinity of 1000 nM or less, are further evaluated for the ability 
to stimulate HTL responses. 

[0222] Conventional assays utilized to detect T cell responses include 

proliferation assays, lymphokine secretion assays, direct cytotoxicity assays, 
and limiting dilution assays. For exanq>le, antigen-presenting cells that have 
been incubated with a peptide can be assayed for the ability to induce CTL 
responses in responder cell populations. Antigen-presenting cells can be 
normal ceUs such as peripheral blood mononuclear cells or dendritic cells. 
Alternatively, mutant, non-human mammalian cell lines that have been 
transfected with a human class I MHC gene, and that are deficient in their 
ability to load class I molecules with internally processed peptides, are used to 
evaluate the capacity of the peptide to induce in vitro primary CTL responses. 
Peripheral blood mononuclear cells (PBMCs) can be used as the source of 
CTL precursors. Antigen presenting cells are incubated with peptide, after 
which the peptide-loaded antigen-presenting cells are then incubated with the 
responder cell population under optimized culture conditions. Positive CTL 
activation can be determined by assaying the cxilture for the presence of CTLs 
that lyse radio-labeled target cells, either specific peptide-pulsed targets or 
target cells that express endogenously processed antigen &om which the 
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Specific peptide was derived. Alternatively, the presence of epitope-specific 
CTLs can be detennined by IFNy in situ EUSA. 

[0223] La an embodiment of &e invention, directed to diagnostics, a method 

has been devised which allows direct quantification of antigen-specific T cells 
by staining with fluorescein-labelled HLA tetrameric complexes (Altman, J. 
D. et aL, Proc. Natl. Acad. Sci. USA 90:10330, 1993; Altman, J. D. et al. 
Science 274:94, 1996). Other options include staining for intracellidar 
lymphokines, and interferon release assays or ELISPOT assays. Tetramer 
staining, intracellular lymphokine staining and ELISPOT assays all appear to 
be at least 10-fold more sensitive than more conventional assays (Lalvani, A. 
et al, J, Exp, Med, 186:859, 1997; Dunbar, P. R. et al, Curr. Biol 8:413, 
1998; Murali-Krishna, K. et al. Immunity 8:177, 1998). Additionally, 
DimerX technology can be used as a means of quantitation {see^ Science 
274:94-99 (1996) and Proa Natl Acad, Sci, 95:7568-73 (1998)). 

[0224] HTL activation may also be assessed using techniques known to those 

in the art, such as T cell proliferation or lymphokine secretion (see, e,g, 
Al&Lmdecetal, Immunity 1:751-761, 1994). 

[0225] Alternatively, immunization of HLA transgenic mice can be used to 

determine immunogenicity of peptide epitopes. Several transgenic mouse 
strains, noice with human A2.1, All (which can additionally be used to 
anialyze HLA-A3 epitopes), and B7 alleles have been characterized. Other 
transgenic mice strains (e.g., transgenic mice for HLA-Al and A24) are being 
developed. Moreover, HLA-DRl and HLA-DR3 mouse models have been 
developed. In accordance with principles in the art, additional transgenic 
mouse models with other HLA alleles are generated as necessary. 

[0226] Such mice can be immunized with peptides emulsified in Incomplete 

Freund's Adjuvant; tiiereafter any resulting T cells can be tested for their 
capacity to recognize target cells that have been peptide-pulsed or transfected 
with genes encoding the peptide of interest. CTL responses can be analyzed 
using c3^otoxicity assays described above. Similarly, HTL responses can be 
analyzed using, e.g., T cell proliferation or lymphokine secretion assays. 
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Enhancing Population Coverage of the Vaccine 

[0227] As set forth in Tables 2 fhrou^ 4, there are numerous additional 

supermotife and motife in addition to the A3, B7 and B44 supennotifs and 
motifs and Al, A2, A24 and B44 motife that presently are a focus of the 
present application. By inclusion of one or more q>itopes from oibsr moti& or 
supemioti&, enhanced population coverage for major global ethnicities can be 
obtained (See Tables 1 1, 13a, 13b, and 32). 

Minigenes 

[0228] A number of different approaches are available! which allow 

simultaneous delivery of multiple epitopes. Nucleic acids encoding multiple 
epitopes are a useful embodiment of the invention; discrete peptide epitopes or 
. polyepitopic peptides can be encoded. The epitopes to be included in a 
minigene are preferably selected according to the guidelines set forth in the 
previous sectioa Examples of amino acid sequences that can be included in a 
minigene include: HLA class I epitopes, HLA class n epitopes, a 
ubiquitination signal sequence, and/or a targeting sequence such as an 
endoplasmic reticulum (ER) signal sequence to facilitate movement of the 
resulting peptide into the endoplasmic reticulum. 

[0229] The use of multi-epitope minigenes is also described in, eg., co- 

pending applications U.S.S.N. 09/311,784, 09/894,018, 60/419,973, 
60/415,463; Ishioka et al, 1 Immunol 162:3915-3925, 1999; An, L. and 
Whitton, J. L., J. Virol 71:2292, 1997; Thomson, S. A. et al, J. Immunol 
157:822, 1996; Whitton, J. L. et al, J. Virol 67:348, 1993; Hanke, R. et al. 
Vaccine 16:426, 1998. For example, a multi-epitope DNA plasmid encoding 
nine dominant HLA-A*0201- and All-restricted CTL epitopes derived from 
flie polymerase, envelope, and core proteins of HBV and human 
immunodeficiency vims (HIV), a PADRE® universal helper T cell (HTL) 
epitope, and an endoplasmic reticulum-translocating signal sequence has been 
engineered. Immunization of HLA transgenic mice wifli this plasmid 
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construct resulted in strong CTL induction responses against the nine CTL 
epitopes tested. This CTL response was similar to that observed with a 
lipopeptide of known unmunogenicity in humans, and significantly greater 
than immunization using peptides in oil-based adjuvants. Moreover, the 
immunogenicity of DNA-encoded epitopes in vitro was also correlated with 
the in vitro responses of specific CTL lines against target cells transfected with 
the DNA plasmid. These data show that the minigene served: 1.) to generate a 
CTL response and 2.) to generate CTLs that recognized cells expressing the 
encoded epitopes. A similar approach can be used to develop minigenes 
encoding TAA epitopes. 

[0230] For example, to create a DNA sequence encoding the selected epitopes 

(minigene) for expression in himian cells, the amino acid sequences of the 
epitopes may be reverse translated. A human codon usage table can be used to 
guide the codon choice for each amino acid. These epitope-encoding DNA 
sequences may be directly adjoined, so that when translated, a continuous 
peptide sequence is created. However, to optimize e^qnression and/or I" 
. immunogenicity, additional elements can be incorporated into the nodnigene 
design such as spacer amino acid residues between epitopes. HLA 
presentation of CTL and HTL epitopes may be improved by iucluding 
synthetic (e.g. poly-alanine) or naturally-occurring flanking sequences 
adjacent to the CTL or HTL epitopes; these larger peptides comprising the 
epitope(s) are within the scope of flie invention. In one embodiment, spacer 
amino acid residues between one or more CTL and/or HTL epitopes are 
designed so as to minimize junctional epitopes that may result firom the 
juxt^osition of 2 CTL and/or HTL epitopes. 

[0231] The minigene sequence may be converted to DNA by assembling 

oligonucleotides that encode the plus and noinus strands of the minigene. 
Overlapping oligonucleotides (30-100 bases long) may be synthesized, 
phosphorylated, purified and annealed under appropriate conditions using well 
known techniques. The ends of the oligonucleotides can be joined, for 
example, using T4 DNA ligase. This synthetic minigene, encoding the epitope 
peptide, can then be cloned into a desired expression vector. 
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[0232] Standard regulatory sequraces well known to those of skUl in the art 

are preferably included in the vector to ensure expression in the target cells. 
Several vector elements are desirable: a promoter with a downstream cloning 
site for minigene insertion; a polyadenylation signal for.efiBcient transcription 
termination; an E. coli origin of replication; and an E. coli selectable maricer 
{e.g. ampicillin or kanamycin resistance). Numerous promoters can be used 
for this purpose, e,g., the human cytomegalovirus (hCMV) CMV-IE promoter. 
See, e.g., U.S. Patent Nos. 5,580,859 and 5,589,466 for other suitable 
promoter sequences. 

[0233] Optimized peptide expression and immunogenicity can be achieved by 

certain modifications to a minigene construct. For example, in some cases 
introns facilitate eflBcient gene expression, thus one or more synthetic or 
naturally-occurring introns can be incorporated into the transcribed region of 
the minigene. The inclusion of mRNA stabilization sequences and sequences 
for replication in mammalian cells may also be considered for increasing 
minigene expression. 

[02341 Once an expression vector is selected, the minigene is cloned into the 

polylinker region downstream of the promoter. This plasmid is transformed 
into an appropriate bacterial strain, and DNA is prepared using standard 
techniques. The orientation and DNA sequence of the minigene, as well as all 
other elements included m the vector, are confirmed using restriction mapping, 
PGR and/or DNA sequence analysis. Bacterial cells harboring the correct 
plasmid can be stored as cell banks. 

[02351 In addition, immunostimulatory sequences (ISSs or CpGs) jqjpear to 

play a role in the immunogenicity of DNA vaccmes. These sequences may be 
included in the vector, outside the minigene coding sequence to enhance 
immunogenicity. 

[0236] In some embodiments, a bi-cistronic expression vector which allows 

production of both the minigene-encoded epitopes and a second protein (e.g., 
one that modulates immunogenicity) can be used. Examples of proteins or 
polypeptides that, if co-expressed with epitopes, can enhance an immune 
response include cytokines (e.g., IL-2, IL-12, GM-CSF), cytokine-inducing 
molecules (e.g., LeIF), costimulatory molecules, or pan-DR binding proteins 
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(PADRE®, Epimmune, San Diego, CA). Helper T cell (HTL) epitopes such as 
PADRE® molecules can be joined to intracellular targeting signals and 
expressed separately from expressed CTL epitopes. This can be done in order 
to direct HTL qpitopes to a cell compartment diflFerent flian that of the CTL 
epitopes, one that provides for more efficient entry of HTL epitopes into the 
HLA class n pathway, thereby improving HTL induction. In contrast to HTL 
or CTL induction, specifically decreasing the immune response by co- 
expression of immunosTq)pressive molecules {e.g. TGF-p) may be beneficial 
in certain diseases. 

[0237] Therapeutic quantities of plasmid DNA can be produced for example, 

by fermentation in E. coli, followed by purification. Aliquots firom the 
working cell bank are used to inoculate growth medium, and are grown to 
saturation in shaker flasks or a bioreactor according to well known techniques. 
Plasmid DNA is purified using standard bioseparation technologies such as 
solid phase anion-exchange resms available, e.g,y fi-om QIAGEN, Inc. 
(Valencia, California). If required, supercoiled DNA can be isolated from the 
^ open circular and linear forms using gel electrophoresis or other methods. 

[0238] Purified plasmid DNA can be prepared for injection using a variety of 

formulations. The simplest of these is reconstitution of lyophilized DNA in 
sterile phosphate-buffer saline (PBS). This ^roach, known as "naked 
DNA," is currently bemg used for intramuscular (IM) administration in 
clinical trials. To maximize the immunother^eutic ejSects of minigene 
vaccines, alternative methods of formulating purified plasmid DNA may be 
used. A variety of such methods have been described, and new techniques 
may become available. Cationic lipids, glycolipids, and fiisogenic liposomes 
can also be used in the formulation (see, e,g., WO 93/24640; Mannino & 
Gould-Fogerite, BioTechniques 6(7): 682 (1988); U.S. Patent No. 5,279,833; 
WO 91/06309; and Feigner, et al, Proc. Nat'lAcad Set USA 84:7413 (1987). 
Jn addition, peptides and compoimds referred to collectively as protective, 
interactive, non-condensing compounds (PINC) can also be complexed to 
purified plasmid DNA to influence variables such as stability, intramuscular 
dispersion, or trafGcking to specific organs or cell types. 
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[0239] KnowQ methods in the art can be used to enhance delivery and uptake 

of a polynucleotide in vivo. For example, the polynucleotide can be 
complexed to polyvinylpyrrolidone (PVP), to prolong the localized 
bioavailability of the polynucleotide, thereby enhancing intake of the 
polynucleotide by the organismn (see e.g., U.S. Patent No. 6,040,295; EP 0 
465 529; WO 98/17814). PVP is a polyamide fliat is known to form 
complexes with a wide variety of substances, and is chemically and 
physiologically inert 

[0240] Target cell sensitization can be used as a functional assay of the 

expression and HLA class I presOTtation of nMnigene-encoded epitopes. For 
example, the plasmid DNA is introduced into a mammalian cell line that is a 
suitable target for standard CTL chromium release assays. The transfection 
method used will be dependent on the final formulation, electroporation can be 
used for "naked" DNA, whereas cationic lipids or DNArPVP compositions 
allow direct in vitro transfection. A plasmid expressing green fluorescent 
protein (GFP) can be co-transfected to allow enrichment of transfected cells 
using fluorescence activated cell sorting (FACS). The transfected cells are . ^ 

then chromium-51 (^^Cr) labeled and used as targets for epitope-specific 
CTLs. Cytolysis of the target cells, detected by ^^Cr release, indicates both the 
production and HLA presentation of, minigene-encoded CTL epitopes. 
Expression of HTL epitopes may be evaluated in an analogous manner using 
assays to assess HTL activity. 

[0241] In vivo inomunogenicity is a second approach for functional testing of 

minigene DNA formulations. Transgenic mice expressing appropriate human 
HLA proteins are immunized witih the DNA product. The dose and route of 
administration are formulation dependeiit (e.g., IM for DNA in PBS, 
intraperitoneal (IP) for lipid-complexed DNA). Bleven to twenty-one days 
aft^ immunization, splenocytes are harvested and restimulated for one week 
in the presence of peptides encoding each epitope being tested. Thereafl:er, for 
CTLs, standard assays are conducted to determine if there is cytolysis of 
peptide-loaded, ^^Cr-labeled target cells. Once again, lysis of target cells that 
were exposed to epitopes corresponding to those in the minigene, 
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demonstrates DNA vaccine function and induction of CTLs. Imniunogemcity 
of HTL epitopes is evaluated in transgenic mice in an analogous maimer. 
[0242] Alternatively, the nucleic acids can be administered using ballistic 

delivery as described, for instance, in U.S. Patent No. 5,204,253. Using this 
technique, particles comprised solely of DNA are administered In a further 
alternative embodiment for ballistic deliveiy, DNA can be adhered to 
particles, such as gold particles. 

Vaccine Compositions 

[0243] Vaccines that contain an immunologically effective amount of one or more 

peptides or polynucleotides of the invention are a further embodiment of the 
invention. The peptides can be delivered by various means or formulations, all 
collectively referred to as ^Vaccine" compositions. Such vaccine compositions, 
and/or modes of administration, can include, for example, naked DNA, DNA 
formulated with PVP, DNA in cationic Upid formulations; lipopeptides (e.g:,Vitiello, 
A et al, J. Clin, Invest 95:341, 1995), DNA or peptides, encapsulated e.g., in 
poly(DL-lactide-co-glycolide). ("PLG") microspheres (see, e,g., Eldridge, et al, 
Molec. Immunol 28:287-294, 1991: Aloriso a/.. Vaccine 12:299-306, 1994; Jones 
et ai, Vaccine 13:675-681, 1995); peptide conqM)sitions contained in immune 
stimulating complexes (ISCOMS) (see, e.g., Takahashi et al. Nature 344:873-875, 
1990; Hu et al, Clin Exp Immunol 113:235-243, 1998); multiple antigen peptide 
systems (MAPs) (see e.g.. Tarn, J. P., Proc, Natl Acad Sci. aSA, 85:5409-5413, 
1988; Tam, J.P., J. Immunol Methods 196:17-32, 1996); viral, bacterial, or, fungal 
delivery vectors (Perkus, M. E. et al, hi: Concepts in vaccine development, 
Kaufinann, S. H. R, ed, p. 379, 1996; Chakrabarti, S. et al. Nature 320:535, 1986; 
Hu, S. L. et al. Nature 320:537, 1986; Kieny, M.-P. et al, AIDS Bio/Technology 
4:790, 1986; Top, F. H. et al, J. Infect, Dis, 124:148, 1971; Chanda, P. K. et al. 
Virology 175:535, 1990); particles of viral or synthetic origin (e.g, Kofler, N. et al, 
. /. Immunol Methods, 192:25, 1996; Eldridge, J. H. etal, Sem. Hematol 30:16, 1993; 
Falo, L. D., Jr. etal. Nature Med, 7:649, 1995); adjuvants (ag., incomplete freund's 
adyjuvant) (Wanen, H. S., Vogel, F. R., and Chedid, L. A. Annu, Rev. Immunol 
4:369, 1986; Gupta, R. K. et al. Vaccine 11:293, 1993); liposomes (Reddy, R. et al, 
J. Immunol 148:1585, 1992; Rock, K. L., Immunol Today 17:131, 1996); or, 
particle-absorbed DNA (Ulmer, J. B. et al,, Sdence 259:1745, 1993; Robinson, H. L, 
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Hunt, L. A., and Webster, R. G., Vaccine 11:957, 1993; Shiver, J. W. et al. In: 
Concepts in vaccine development, Kaufinann, S. H. E., ed., p. 423, 1996; Cease, K, 
B., and BerzofslQ^, J. A,, Annu. Rev, Immunol 12:923, 1994 and Eldridge, J. H. et 
ai. Sent. Hematol 30:16, 1993), etc. Toxin-targeted delivery technologies, also 
known as receptor mediated targeting, such as those of Avant Immunotherapeutics, 
Inc. (Needham, Massachusetts) or attached to a stress protein, e.g., HSP 96 (Stressgen 
Biotechnologies Corp., Victoria, BC, Canada) can also be used. 

[0244] Vaccines of the invention comprise nucleic acid mediated modalities. 

DNA or RNA encoding one or more of the peptides of the invention can be 
administered to a patient. This approach is described, for instance, in Wolff 
et. al. Science 247:1465 (1990) as weD as U.S. Patent Nos. 5,580,859; 
5,589,466; 5,804,566; 5,739,118; 5,736,524; 5,679,647; and, WO 98/04720. 
Examples of DNA-based delivery technologies include '*naked DNA", 
facilitated (bupivicaine, polymers {e.g., PVP), peptid&-mediated) delivery, 
. cationic lipid complexes, and particle-mediated ("gene gun") or pressure- 
mediated delivery (see, eg., U.S. Patent No. 5,922,687). Accordingly, peptide 
vaccines of the invention can be expressed by viral or bacterial vectors. 
Examples of expression vectors include attenuated viral hosts, such as 
vaccinia or fowlpox. For exan^le, vaccinia virus is used as a vector to express 
nucleotide sequences ttiat encode the peptides of the invention (e.g., MVA). 
Upon introduction into an acutely or chronically mfected host or into a non- 
infected host, the recombinant vaccinia vuiis expresses the immunogenic 
peptide, and thereby elicits an immune response. Vaccinia vectors and 
methods useful ia immunization protocols are described in, eg,, U.S. Patent 
. No. 4,722,848. Another vector is BCG (Bacille Cahnette Guerin). BCG 
vectors are described in Stover et al. Nature 351:456-460 (1991). A wide 
variety of other vectors useful for therapeutic administration or immunization 
of the peptides of the invention, eg. adeno and adeno-associated virus vectors, 
alpha virus vectors, retroviral vectors. Salmonella typhi vectors, detoxified 
anthrax toxin vectors, and the Uke, are parent to those skilled in the art from 
the description hereiiL 

[0245] Furthermore, vaccines in accordance with the invention can comprise 

one or more peptides of the invention. Accordingly, a peptide can be present 



89 



wo 2004/052917 



PCTAJS2003/038949 



in a vaccine individually; alternatively; the peptide can exist as a 
homopolymer comprising multiple copies of the same peptide, or as a 
heteropolymer of various pqptides. Polymers have the advantage of increased 
probability for immunological reaction and, where dififerent peptide epitopes 
are used to make up the polymer, the ability to induce antibodies and/or T 
cells that react with different antigenic determinants of the antigen targeted for 
an immune response. The composition may be a naturally occurring region of 
ah antigen or can be prepared, e.g,, recombinantly or by chemical synthesis. 

[0246] Carriers that can be used with vaccines of the invention are well known 

in the art, and include, e,g,, thyroglobulin, albumins such as hiunan serum 
albimiiQ, tetanus toxoid, polyamino acids such as poly L-lysine, poly L- 
glutamic acid, influenza virus proteins, hepatitis B virus core protein, and the 
like. The vaccines can contain a physiologically tolerable diluent such as 
water, or a saline solution, preferably phosphate buffered saline. Generally, 
the vaccines also include an adjuvant. Adjuvants such as incomplete Freund's 
adjuvant, aluminum phosphate, aluminum hydroxide, or alum are examples of 
materials well known in the art. Additionally, as disclosed herein, CTL 
responses can be primed by conjugating peptides of the invention to lipids, 
such as tripahnitoyl-S-glyceryl-cysteinyl-seryl-serine (P3CSS). 

[0247] Upon immunization with a peptide composition in accordance with the 

invention, via injection (e^., SC, ID, IM), aerosol, oral, transdermal, 
transmucosal, intrapleural, intrathecal, or other suitable routes, the immune 
system of the host responds to the vaccine by producing antibodies, CTLs 
and/or HTLs sfpecific for the desired antigen. Consequently, the host becomes 
at least partially immune to subsequent exposure to the TAA, or at least 
partially resistant to further development of TAA-bearing cells and thereby 
derives a prophylactic or therapeutic braefit. 

[0248] In certain embodiments, components that induce T cell responses are 

combined wifli components that induce antibody responses to the target 
antigen of interest. A preferred embodiment of such a composition comprises 
class I and class II epitopes in accordance with the invention. Alternatively, a 
composition comprises a class I and/or class n epitope in accordance with the 
invention, along with a PADRE® molecule (Epimmune, San Diego, CA). 
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[0249] Vaccines of the inveation can comprise antigen presenting cells, such 

as dendritic cells, as a vehicle to present peptides of the invention. For 
example, dendritic cells are transfected, with a minigene construct in 
accordance with the invention, in order to elicit inunune responses. Minigenes 
are discussed in greater detail in a following section. Vaccine compositions 
can be created in vitro, following dendritic cell mobilization and harvesting, 
whereby loading of dendritic cells occurs in vitro. 

[0250] The vaccine compositions of the invention may also be used in 

combination with antiviral drugs such as interferon-a, or immune adjuvants 
such as IL-12, GM-CSF, etc. 

[0251] Preferably, the following principles are utilized when selecting 

epitope(s) and/or analogs for inclusion in a vaccine, either peptide-based or 
nucleic acid-based formulations. Exemplary epitopes and analogs that may be 
utilized in a vaccine to treat or prevent TAA-associated disease are set out in 
Table 6. Each of the following principles can be balanced in order to make the 
selection. When multiple epitopes are to be used in a vaccine, the epitopes 
may be, but need not be, contiguous in sequence in the native antigen from 
which the epitopes are derived. Such multiple epitotes can refer to the order 
of epitopes within a pq)tide, or to the selection of epitopes tiiat come from flie 
same reagion, for use in either individual peptides or in a multi-epitopic 
peptide. 

1. ) Epitopes and/or analogs are selected which, upon 
administration, mimic immune responses that have been observed to be 
correlated with prevention or clearance of TAA-expressing tumors. For HLA 
Class I, this generally includes 3-4 epitopes and/or analogs from at least one 
TAA. 

2. ) Epitopes and/or analogs are selected that have the requisite 
binding affinity established to be correlated with immunogenicity: for HLA 
Class I an IC50 of 500 nM or less, or for Class n an IC50 of 1000 nM or less. 
For HLA Class I it is presently preferred to select a peptide having an IC50 of 
200 nM or less, as this is believed to better correlate not only to induction of 
an immune response, but to in vitro tumor cell killing as well. For HLA Al 
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and A24, it is especiaUy preferred to select a peptide having an IC50 of 1 00 nM 
or less. 

3. ) Siq)ermotif bearing-qiitopes and/or analogs, or a suflBdent 
array of allele-specific motif-bearing epitopes and/or analogs, are selected to 
give broad population coverage. In general, it is preferable to have at least 
80% population coverage. A Monte Carlo analysis, a statistical evaluation 
known in the art, can be employed to assess Ihe breadth of population 
coverage. 

4. ) For cancer-related antigens, it can be preferable to select 
analogs instead of or in addition to epitopes, because the patient may have 
developed tolerance to the native epitope. 

5. ) Of particular relevance are "nested epitopes." Nested epitopes 
occur where at least two epitopes overlap in a given peptide sequence. For 
example, a nested epitope can be a fragment of m antigen from a region tiiat 
contains multiple epitopes that are overleapping, or one epitope that is 
completely encompassed by anoflier, e.g., A2 pqjtides MAGE3.159 and 
MAGE3.160 are nested.A peptide comprising "transcendent nested epitopes" 
is a peptide that has both HLA class I and HLA class II epitopes in it. When 
providing nested epitopes, it is preferable to provide a sequence that has the 
greatest number of epitopes per provided sequence. Preferably, one avoids 
providing a peptide that is any longer than the amino terminus of the amino 
terminal epitope and flie caiboxyl terminus of the carboxyl terminal epitope in 
the peptide. When providing a sequence com^jrising nested epitopes, it is 
important to evaluate the sequence in order to insure that it does not have 
patiiological or olher deleterious biological properties; this is particularly 
relevant for vaccines directed to infectious organisms. 

6.) If a protein with multiple epitopes or a polynucleotide (e.g., 
minigene) is created, an objective is to generate the smallest peptide that 
encompasses the epitopes of interest. This principle is similar, if not tiie same 
as fliat employed when selecting a peptide comprising nested epitopes. 
However, with an artificial peptide comprising multipe epitopes, the size 
minimization objective is balanced against tiie need to integrate any spacer 
sequences between epitopes in tiie polyepitopic protein. Spacer amino add 
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residues can be introduced to avoid junctional epitopes (an q)itope recognized 
by the immune system, not present in the target antigen, and only created by 
the man-made juxtaposition of epitopes), or to facilitate cleavage between 
epitopes and thereby enhance epitope presentation. Junctional epitopes are 
generally to be avoided because ttte recipient may generate an immune 
response to that non-native epitope. Of particular concern is a junctional 
epitope that is a "dominant epitope." A dominant epitope may lead to such a 
zealous response that immune responses to oilier epitopes are diminished or 
suppressed. 

[0252] The principles are the same, except junctional epitopes applies to the 

sequences surrounding the epitope. One must also take care with other 
sequences in construct to avoid immune response. 

T CELL PRIMING MATERIALS 

[0253] In some embodiments it may be desirable to include in the pharmaceutical 

conapositions of the invention at least one con5)onent which primes cytotoxic T 
lynq)hocytes. Lipids have been identified as agents capable of facilitating the 
! priming in vitro CTL response against viral antigens. For example, pahnitic acid 
residues can be attached to the s-and a- amino groups of a lysine residue and then 
linked to an inmnunogenic peptide. One or more linking moieties can be used such as 
Gly, Gly-Gly-, Ser, Ser-Ser, or the like. The lipidated peptide can then be 
administered direcfly in a micelle or particle, incorporated into a liposome, or 
emulsified in an adjuvant, e.g., incomplete Freuntfs adjuvant A preferred 
immunogCTic composition conq>rises palmitic acid attached to 8- and a- amino 
groups of Lys via a linking moiety, e.g., Ser-Ser, added to the amino terminus of an 
umnunogeoic peptide. 

[0254] la another embodiment of lipid-facilitated priming of CTL responses, 

E. coli lipoproteins, such as tripalmitoyl-S-glyceryl-cysteinyl-seryl-serine 
OP3CSS) can be used to prime CTL when covalently attached to an appropriate 
peptide. {See, e.g., Deres, et al. Nature 342:561, 1989). Thus, peptides of the 
invention can be coiq)led to P3CSS, and the lipopq)tide administered to an 
individual to specifically prime a CTL response to the target antigen. 
Moreover, because the induction of neutralizing antibodies can also be primed 
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with PsCSS-conjugated epitopes, two such compositions can be combined to 
elicit both humoral and cell-mediated responses. 

DENDRITIC CELLS PULSED WITH CTL AND/OR HTL PEPTIDES 

[0255] An embodiment of a vaccine composition in accordance with flie invention 

comprises ex vivo administration of a cocktail of epitope-bearing peptides to PBMC, 
or isolated DC there&om, from the patienf s blood. A pharmaceutical to fecilitate 
harvesting of DC can be used, such as Progenipoietin™ (Monsanto, St Louis, MO) or 
GM-CSF/IL-4. After pulsing the DC with peptides and prior to reinfiision into 
patients, the DC are washed to remove unbound peptides. In this embodiment, a 
vaccine comprises peptide-pulsed DCs which present the pulsed peptide epitopes in 
HLA molecules on their surfaces. 

[0256] The DC can be pulsed ex vivo with a cocktail of peptides, some of 

which stimulate CTL responses to one or more antigens of interest, eg., tumor 
associated antigens (TAA) such as HER2/neu, p53, MAGE 2, MAGE3, and/or 
carcinoembryonic antigen (CEA). Collectively, these TAA are associated 
with breast, colon and lung cancers. Optionally, a helper T cell (ETTL) peptide 
such as PADRE®, can be included to facilitate the CTL response. Thus, a 
vaccine in accordance with the invention comprising epitopes from HER2/neu, 
p53, MAGE 2, MAGE3, and carcinoembryonic antigen (CEA) is used to treat 
minimal or residual disease in patients vtdth malignancies such as breast, 
. colon, lung or ovarian cancen any malignancies that bear any of these TAAs 
can also be treated with the vaccine. A TAA vaccine can be used following 
debuUdng procedures such as surgery, radiation therapy or chemotherapy, 
wherei5)on the vaccine provides the benefit of increasing disease free sumval 
and overall simdval in the recipients. 

[0257] Thus, in preferred embodiments, a vaccine of the invention is a product 

that treats a majority of patients across a number of different tumor types. A 
vaccine comprising a plurality of epitopes, preferably supermotif-bearing 
. epitopes, offers such an advantage. 
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DIAGNOSTIC AND PROGNOSTIC USES 

[0258] In one embodiment of the invention, HLA class I and class n binding 

peptides can be used as reagents to evaluate an immune response. Preferably, the 
following principles are utilized when selecting an epitope(s) and/or anaIog(s) for 
diagnostic, prognostic and similar uses. Potential principles include having the 
binding affinities described earUer, and/or matching the HLA-motifi^supermotif of a 
peptide with the HLA-type of a patient. 

[02591 The evaluated immune response can be mduced by any immunogen. 

For example, the immunogen may result in the production of antigen-specific 
CTLs or HTLs that recogni2» the peptide epitope(s) employed as the reagent. 
Thus, a pq)tide of the invention may or may not be used as the immunogen. 
Assay systems that can be used for such analyses include tetramer-based 
protocols (eg., DunerX technology {see, e.g.. Science 274:94-99 (1996) and 
Proa Natl Acad Set 95:7568-73 (1998)), staining for intracellular 
lymphokines, interferon release assays, or ELISPOT assays. 

[0260] For example, following exposure to a putative immunogen, a peptide 

of the invention can be used in a tetramer staining assay to assess peripheral 
blood mononuclear cells for the presence of any antigen-specific CTLs. The 
HLA-tetrameric complex is used to directly visualize antigen-specific CTLs 
and thereby deteimine the firequency of such antigen-specific CTLs in a 
sample of peripheral blood mononuclear cells (see, e.g., Ogg et al.. Science 
279:2103-2106, 1998; mdAltmanetal, Science 174:94-96, 1996). 

[02611 A tetramer reagent comprising a peptide of the invention is generated 

as follows: A peptide that binds to an HLA molecule is refolded in the 
presence of the corresponding HLA heavy chain and p2-microglobulin to 
generate a trimolecular complex. The complex is biotinylated at the caiboxyl 
terminal end of the HLA heavy chain, at a site that was previously engineered 
into the protein. Tetramer formation is then induced by adding streptavidin. 
When fluorescently labeled streptavidin is used, the tetrameric complex is 
used to stain antigen-specific cells. The labeled cells are then readily 
identified, e,g., by flow cytometry. Such procedures are used for diagnostic or 
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prognostic purposes; the cells identified by the procedure can be used for 
fhers^eutic purposes. 

[0262] Peptides of the invcntioii are also used as reagents to evaluate inunune 

recall responses, {see, e,g., Bertoni et al, J, Clin. Invest. 100:503-513, 1997 
and Penna et al, J. Exp. Med. 174:1565-1570, 1991.) For exanq)le, a PBMC 
saniple fiom an individual expressing a disease-associated antigen (e.g. a 
tumor-associated antigen such as CEA, p53, MAGE2/3,HER2neu, or an 
organism associated with neoplasia such as HPV or HSV) can be analyzed for 
the presence of antigen-specific CTLs or HTLs using specific peptides. A 
blood sample containing mononuclear cells may be evaluated by cultivating 
the PBMCs and stimulating the cells with a peptide of the invention. After an 
appropriate cultivation period, the expanded cell population may be analyzed, 
for example, for CTL or for HTL activity. 

[0263] Thxis, the peptides can be used to evaluate the efficacy of a vaccine. 

PBMCs obtained from a patient vaccinated with an immunogen may be 
analyzed by methods such as those described herein. The patient is HLA 
typed, and peptide q>itopes that are bound by the HLA molecule(s) present in 
that patient are selected for analysis. The immunogenicity of the vaccine is 
: indicated by the presence of CTLs and/or HTLs directed to epitopes present in 
the vaccine. 

[0264] The peptides of the invention may also be used to make antibodies, 

using techniques well known in fiie art (see, e.g. CURRENT PROTOCOLS IN 
Immunology, Wiley/Greene, NY; and Antibodies A Laboratory Manual 
Harlow, Harlow and Lane, Cold Spring Harbor Laboratory Press, 1989). Such 
antibodies are usefiil as reagents to determine the presence of disease- 
associated antigens. Antibodies in this category include those that recognize a 
peptide when bound by an HLA molecule, antibodies that bind to a 
peptide-MHC complex. 
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ADMINISTRATION FOR THERAPEUTIC OR PROPHYLACTIC 
PURPOSES 

[0265] The peptides and polynucleotides of tbe present invention, including 

compositions diereof, are useful for administration to mammals, particularly humans, 
to treat and/or prevent disease. In one embodiment, peptides, polynucleotides, or 
vaccine compositions (peptide or nucleic acid) of the invention are administered to a 
patient who has a malignancy associated with expression of one or more TAAs, or to 
an individual susceptible to, or otherwise at risk for developing TAA-related disease. 
Upon administration an immune response is elicited against the TAAs, thereby 
enhancing the patient's own immune response capabilities. In therapeutic 
apphcations, peptide and/or nucleic acid compositions are administered to a patient in 
' an amount sufficient to eUcit an effective immune response to the TAA-expressing 
cells and to thereby cure, airest or slow synptoms and/or complications. An amount 
adequate to accomplish this is defined as "therapeutically effective dose." Amounts 
effective for this use will depend on, e.g,, tbe particular conq>osition administered, the 
manner of administration. Hie stage and severity of the disease being treated, llie 
weight and gen^ state of health of Qie patient, and the judgment of the prescribing 
physician. 

[0266] The vaccine compositions of the invention can be used purely as 

prophylactic agents. Generally the dosage for an initial prophylactic 
immunisation generally occurs in a unit dosage range where the lower value is 
about 1, 5, 50, 500, or 1000 ^ig of peptide and the higher value is about 
10,000; 20,000; 30,000; or 50,000 \ig of peptide. Dosage values for a human 
typically range from about 500 |ig to about 50,000 \ig of peptide per 70 
kilogram patient. This is followed by boosting dosages of between about 1.0 
\ig to about 50,000 jig of peptide, administered at defined intervals from about 
four weeks to six months after the initial administration of vaccine. The 
immunogenicity of the vaccine may be assessed by measuring the specijBc 
activity of CTL and HTL obtained fix)m a sample of the patient's blood. 

[0267] As noted above, peptides comprising CTL and/or HTL epitopes of the 

invention induce immune responses when presented by HLA molecules and 
contacted with a CTL or HTL specific for an q)itope comprised by the 
peptide. The manner in which the peptide is contacted with the CTL or HTL 
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is not critical to the invention. For instance, the peptide can be contacted with 
the CTL or HTL either in vitro or in vivo. If the contacting occurs in vivo, 
peptide can be adnunistered directly, or in otho: forms/vehicles, e.g., DNA 
vectors encoding one or more peptides, viral vectors encoding the peptide(s), 
• liposomes, antigen presenting cells such as dendritic cells, and flie like. 

[0268] Accordingly, for pharmaceutical compositions of the invention in the 

form of peptides or polypeptides, the peptides or polypeptides can be 
administered directly. Alternatively, flie peptide/polypeptides can be 
administered indirectly presented on APCs, or as DNA encoding them, 
. Furthermore, the peptides or DNA encoding them can be administered 
individually or as fusions of one or more peptide sequences. 

[0269] . For therapeutic use, administration should generally begin at the first 
diagnosis of TAA-related disease. This is followed by boosting doses at least 
' until symptoms are substantially abated and for a period thereafter. In chronic 
disease states, loading doses followed by boosting doses may be required. 

[0270] The dosage for an initial therapeutic immunization generally occurs in 

a unit dosage range where the lower value is about 1, 5, 50, 500, or 1,000 \ig 
of peptide and the higher value is about 10,000; 20,000; 30,000; or 50,000 jig 
of peptide. Dosage values for a human typically range from about 500 \xg to 
about 50,000 ^g of peptide per 70 kilogram patient. Boosting dosages of 
between about 1.0 ^g to about 50,000 ^g of peptide, administered pursuant to 
a boosting regimen over weeks to months, can be administered depending 
upon the patient's response and condition. Patient resfponse can be determined 
by measuring the specific activity of CTL and HTL obtained £ix>m the 
patient's blood. 

[0271] In certain embodiments, peptides and compositions of tiie present 

invention are used in serious disease states. In such cases, as a result of the 
minimal amounts of extraneous substances and the relative nontoxic nature of 
the peptides, it is possible and may be desirable to administer substantial 
excesses of these peptide compositions relative to these stated dosage 
amounts. 

[0272] For treatment of chronic disease, a representative dose is in the range 

disclosed above, namely where the lower value is about 1, 5, 50, 500, or 1,000 
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^g of peptide and the higher value is about 10,000; 20,000; 30,000; or 50,000 
of peptide, preferably from about SOO ^g to about 50,000 fig of peptide per 
70 kilogram patient Initial doses followed by boosting doses at established 
intervals, e.g., from four weeks to six months, may be required, possibly for a 
prolonged period of time to effectively immunize an individual. In the case of 
chronic disease, administration should continue until at least clinical 
symptoms or laboratory tests indicate that the disease has been eliminated or 
substantially abated, and for a follow-up period thereafter. The dosages, 
routes of administration, and dose schedules are adjusted in accordance with 
methodologies known in the art. 

[0273] The pharmaceutical, compositions for therapeutic treatment are 

intended for parenteral, topical, oral, intrathecal, or local administration. 
Preferably, the pharmaceutical compositions are administered parentally, e.g., 
intravenously, subcutaneously, intradermally, or intramuscularly. 

[0274] Thus, in a preferred embodiment the invention provides compositions 

for parenteral administration which comprise a solution of the immunogenic 
peptides dissolved or suspended in an acceptable carrier, preferably an 
aqueous carrier. A variety of aqueous carriers may be used, e.g., water, 
buffered water, 0.8% saline, 0.3% glycine, hyaluronic acid and tiie like. These 
compositions may be sterilized by conventional, well. known sterilization 
techniques, or may be sterile filtered. The resulting aqueous solutions may be 
packaged for use as is, or lyophilized, the lyophiUzed preparation being 
combined with a sterile solution prior to admimstration. The compositions 
may contain phaimaceutically accq)table auxiliary substances or 
pharmaceutical excipients as may be required to approximate physiological 
conditions, such as pH-adjusting and buffering agents, tonicity adjusting 
agents, wetting agents, preservatives, and the like, for example, sodium 
acetate, sodium lactate, sodium chloride, potassium chloride, calcium chloride, 
sorbitan monolaurate, triethanolamine oleate, etc. . 

[0275] The concentration of peptides of the invention in the pharmaceutical 

formulations can vary widely, ue.. Scorn less than about 0.1%, usually at or at 
least about 2% to as much as 20% to 50% or more by weight, and will be 
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selected primarily by fluid volumes, viscosities, etc., in accordance with the 
particular mode of administration selected. 
[0276] A human unit dose form of the peptide composition is typically 

included in a pharmaceutical composition that also conq)rises a human unit 
dose of an acceptable carrier, preferably ah aqueous carrier, and is 
administered in a volume of fluid that is known by those of skill in the art to 
be used for administration of such compositions to humans (see, e.g.. 
Remington's Pharmaceutical Sciences, 17* Edition, A. Gemiaro, Editor, Mack 
Publishing Co., Easton, Pemisyivania, 1985). 

[0277] The peptides of the invention can also be administered via liposomes, 

which serve to target the peptides to a particular tissue, such as lymphoid 
tissue, or to target selectively to infected cells, as well as to increase the half- 
life of Ihe peptide composition. Liposomes include emulsions, foams, 
micelles, insoluble monolayers, liquid crystals, phospholipid dispersions, 
lamellar layers and the like. In these preparations, the peptide to be delivered 
is incorporated as part of a liposome, alone or in conjunction with a molecule 
which binds to a receptor prevalent among lymphoid cells (such as 
monoclonal antibodies which bind to the CD45 antigen) or with other 
therapeutic or immunogenic compositions. Thus, liposomes either filled or 
decorated with a desired peptide of the invention can be directed to the site of 
lymphoid cells, where the liposomes then deliver the peptide compositions. 
Liposomes for use in accordance with the invention are formed from standard 
vesicle-foramig lipids, which generally include neutral and negatively charged 
phospholipids and a sterol, such as cholesterol. The selection of lipids is 
generaUy guided by consideration o^ e.g., liposome size, acid labiUty and 
stability of the liposomes m Ihe blood stream. A variety of methods are 
available forprqparing hposomes, as described in, e.g., Szoka, et al, Ann. Rev, 
Biophys. Bioeng. 9:467 (1980), and U.S. Patent Nos. 4,235,871, 4,501,728, 
4,837,028, and 5,019,369. 

I0278I For targeting compositions of the mvention to cells of the immune 

system, a ligand can be incorporated into the liposome, e.g., antibodies or 
fiagments thereof specific for cell surface determinants of the desired immune 
system cells. A liposome susprasion containing a peptide may be 
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administered intravenously, locally, topically, etc. in a dose which varies 
according to, inter alia, the manner of adminisftration, the peptide being 
delivered, and the stage of the disease being treated 

[02791 For solid compositions, conventioiaal nontoxic solid earners may be 

used which include, for example, pharmaceutical grades of mannitol, lactose, 
starch, magnesium stearate, sodium saccharin, talcum, cellulose, glucose, 
sucrose, magnesium carbonate, and the like. For oral administration, a 
pharmaceutically acceptable nontoxic composition is formed by incorporating 
any of the normally employed excipients, such as those carriers previously 
Usted, and generally 10-95% of active ingredient, that is, one or more peptides 
of the invention, often at a concentration of 25%-75%. 

[0280] For aerosol administration, the immunogenic peptides are preferably 

si^plied in finely divided form, along with a surfactant and propellant. 
Typical percentages of peptides are 0.01%-20% by weight, often 1%-10%. 
The surfactant must, of course, be pharmaceutically acceptable, and preferably 
soluble in the propellant. Representative of such agents are the esters or 
partial esters of fatty acids containing from 6 to 22 carbon atoms, such as 
caproic, octanoic, lauric, pahnitic, stearic, linoleic, linolenic, alesteric and 
oleic acids with an aliphatic polyhydric alcohol or its cyclic anhydride. Mixed 

' esters, such as mked or natural glycerides may be employed. The surfectant 
may constitute 0.1%-20% by weight of flie conq)osition, prefOTbly 0.25-5%. 
The balance of the composition is ordinarily propellant, althou^ an atomizer 
may be used in which no propellant is necessary and other percentages are 
adjusted accordingly. A carrier can also be included, e.g., lecithin for 
intranasal delivery. 

(02811 Antigenic peptides of the invention have been used to elicit a CTL 

and/or HTL response ex ^nvo, as weU. The resulting CTLs or HTLs can be 
used to treat chronic infections, or tumors in patients that do not respond to 
other conventional forms of fher^y, or who do not respond to a therapeutic 
peptide or nucleic acid vaccme in accordance with the invention. Ex vivo CTL 
or HTL responses to a particular antigen (infectious or tumor-associated) are 
mduced by incubating in tissue culture the patient's, or genetically compatible, 
CTL or HTL precursor cells together with a source of antigen-presenting cells 
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(APC), such as dendritic cells, and the appropriate ixmnunog^c pq>tide. 
After an appropriate incubation time (topically about 7-28 days), in which the 
precursor cells are activated and expanded into e£fector cells, the cells are 
iniiised back into the patient, where they will destroy (CTL) or fecilitate 
destruction QSTL) of their specific target cell (an infected cell or a tumor cell). 

KTTS 

[0282] The peptide and nucleic acid compositions of this iavention can be provided 

in kit form together with instructions for vaccine administration. Typically the kit 
would include desired con:q)osition(s) of the invention in a container, preferably in 
unit dosage form and instructions for administration. For exanq)le , a kit would 
include an APC, such as a dendritic cell, previously exposed to and now presenting 
pq)tides of the invention in a container, preferably in unit dosage form together with 
; • instructions for administration. An alternative kit would include a minigene construct 
with desired nucleic acids of the invention in a container, preferably in unit dosage 
form together with instructions for adnoinistration. Lynqphokines such as IL-2 or IL- 
12 may also be included in the kit. Other kit components that may also be desirable 
include, for example, a sterile syringe, booster dosages, and other desired excipients. 

[0283] The invention will be described in greater detail by way of specific 

. examples. The following exan:q>les are offered for illustrative purposes, and 
are not intended to limit the invention in any manner. Those of skill in the art 
will readily recognize a variety of non-critical parameters that can be changed 
or modified to yield alternative embodiments in accordance with the 
invention. 

EXAMPLES 

EXAMPLE 1 

SELECTION OF TUMOR ASSOCIATED ANTIGENS 

[0284] Vaccines which bind to HLA superfypes, A2, A3, and B7, will afford broad, 

non-ethnically biased population coverage (83-88%). Vaccines which bind to HLA 
supertypes, Al, All, and B44, will afford broad, non-etimically biased population 
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coverage (99-100%). Since fte A2 si?>ertype is broadly expressed in the population 
(39-49%), peptides which bind to this &imly of molecules provide a reasonable 
starting point for the use of peptide-based vaccines. While the A2 vaccine targets 
patients that express HLA-A2 molecules, the approach can be readily extended to 
include peptide(s) that bind to additional alleles or siq)ertype groups thereof. 

[0285] Whole proteins often induce an immxme response linoited to specific 

epitopes that may be ineffective in mediating effective anti-tumor immune 
responses pisis et al^ J. Immunology 156:3151-3158 (1996); Manca et aL, J. 
Immunology 146:1964-1971 (1991)). An epitope-based vaccine circumvents 
this limitation through the identification of peptide epitopes embedded in 
TAAs. Exemplary TAAs are set forth in Table 12. 

[0286] Peptides were evaluated based iq)on MHC binding motifi, on the 

capacity to bind MHC molecules, and the ability to activate tumor-reactive 
CTL in vitro using lymphocyte cultures fix>m normal individuals. Iliis 
approach has several advantages. First, it does not require the isolation of 
patient-derived cells such as CTL or tumor cells. Secondly, the identification 
of epitopes that stimulate CTL in normal individuals permits the identification 
of a broad range of epitopes, including subdominant as well as dominant 
epitopes. 

[02871 Four tumor-associated antigens, CEA, p53, MAGE 2/3 and HER2/neu, 

are expressed in various tumor types (Kawashima et aL, Human Immunology 
59:1-14 (1998); Tomlinson, etal. Advanced Drug Delivery Reviews, Vol. 
32(3) (6 July 1998)). In a preferred embodiment, a vaccine comprises 
epitopes (as one or more peptides or as nucleic acids encoding them) from 
among these four, or any other, TAAs. Accordingly, this vaccine induces 
CTL responses against several major cancer types. 

[0288] Caccinoembryonic antigen is a 180 kDmw cell surface and secreted 

glycoprotein overexpressed on most human adenocarcinomas. These include 
colon, rectal, pancreatic and gastric (Muraro, 1985) as well as 50% of breast 
(Steward, 1974) and 70% of non-small cell lung carcinomas (Vincent, 1978). 
This antigen is also expressed on normal epitheUum and in some fetal tissue 
(Thompson, 1991). 
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[0289] The HER2Meu antigen (185 kDa) is a transmembrane glycoprotein 

witibi tyrosine kinase activity vdiose structure is similar to the epidermal 
growth fector receptor (Coussens, 1985; Bargmann, 1986; Yamamoto, 1986). 
Amplification of the HER2/neu gene and/or overexpression of the associated 
protein have been reported in many human adenocarcinomas of the breast 
(Slamon, 1987 and 1989; Borg, 1990), ovary (Slamon, 1989), uterus 
(Berchuck, 1991; Lukes, 1994), prostate (Kuhn, 1993; Sadasivan, 1993), 
stomach (Yonemura, 1991; Kameda, 1990; Houldsworth, 1990), esophagus 
(Houldsworth, 1990), pancreas (Yamanaka, 1993), kidney (Weidner, 1990) 
and lung (Kern, 1990; Rachwal, 1995). 

[0290] The MAGE, melanoma antigen genes, are a family of related proteins 

that were first described in 1991. Van der Bruggen and co-workers were able 
to identify the MAGE gene after isolating CTLs firom a patient who 
demonstrated spontaneous tumor regression. These CTLs recognized 
melanoma cell lines as well as tumor lines fi-om other patients all expressing 
the same HLA-Al restricted gene (van der Bruggen, 1991; De Plaen, 1994). 
The MAGE genes are expressed in metastatic melanomas (Brasseur, 1995), 
non-small lung (Weynants, 1994), gastric (Inoue, 1995), hepatocellular (Chen, 
1999), renal (Yamanaka, 1998) colorectal (Mori, 1996), and esophageal 
(Quillien, 1997) carcinomas as wells as tumors of the head and neck (Lee, 
1996), ovaries (Gillespie, 1998; Yamada, 1995), bladder (Chaux, 1998) and 
bone (Sudo, 1997). They are also ^qpressed on normal tissue, specifically 
placenta and male germ cells (De Plaen, 1994). However, these normal cells 
do not express MHC Class I molecules and therefore do not present MAGE 
peptides on their sur&ce. 

[0291] In this study and previous work to identify A2 superfamily epitopes 

(Kawashima, 1998), MAGE-2 and MAGE-3 were considered a single TAA, 
based on the expression patterns and predicted primary amino acid sequences 
of the two genes. These two members of the MAGE family appear to be 
coordinately regulated (Zakut, 1993), resulting in a distribution in cancers that 
appears to be very similar, if not identical. Therefore, immune responses 
directed at either antigen should provide coverage for treatment of the cancers 
expected to express these TAA. The MAGE-2 and MAGE-3 proteins are 84% 
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identical at the primaiy amino acid level. As a result, some epitopes are 
identical in flie two antigens, while others are unique to one or the other. It 
should be noted that two subtypes of MAGE-2, designated "a" and b", have 
been reported (Zakut, 1993). The gene referred to herein as MAGE-2 
corresponds to the MAGE-2a subtype (C. Dahlberg personal communication, 
NB 1056, p.l6; Van der Bruggen, 1991; Zakut, 1993). 

[0292] The fourth TAA selected for use in the vaccine is pS3. In normal cells 

the pS3 gene induces a cell cycle arrest which allows DNA to be checked for 
uregularities and maintains DNA integrity (Kuerbitz, 1992). Mutations in the 
gene abolish its suppressor function and allow escape of transformed cells 
from the restriction of controlled growth. At the same time, these mutations 
lead to overexpression of both wildtype and mutated p53 (Levine, 1991) 
making it more likely that epitopes within the protein may be recognized by 
the immune system. The most common mutations are at positions 175, 248, 
273 and 282 and have been observed in colon (Rodrigues, 1990), lung (Fujino, 
1995), prostate (Eastham, 1995), bladder (Vet, 1995) and bone cancers 
(Abudu, 1999; Hung, 1997). 

[0293] Other TAAs that can be included in a vaccine composition are 

associated with prostate cancer {see, e.g., copending U.S. Patent Application 
USSN 09/633,364, filed 8 July 2000). 

[0294] Table 7 below delineates the tumor antigen expression in breast, colon 

and lung. By targeting four TAA, the likelihood of the mutation of tumor cells 
(tumor escq>e) into cells which do not e3q>ress any of the tumor antigens is 
decreased. Preferably, the inclusion of two or more epitopes from each TAA 
serves to increase the likelihood that individuals of difierent ethnicity will 
respond to the vaccine and provides broadened population coverage. 

[0295] This rational approach to vaccine compositions can be focused on a 

particular HLA allele, or extended to various HLA molecules or supertypes to 
ftuiher extend population coverage. 

[0296] Table 8 shows the incidence, 5-year survival rates, and the estunated 

number of deaths per year for these tumors in the U.S for each type of cancer 
in Table 7. In terms of estimated new cases, estimated deaths and 5 year 
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survival rates each of fliese tumor types has a large unmet need. Globally, the 
incidence of these tumors is significantly greater. 

EXAMPLE 2: 

IDENTIFICATION OF A2 SUPERMOTIF/MOTIF-BEARING PEPTIDES 

[0297] Protein sequences from the four targeted tumor antigens (CEA, p53, 

MAGE 2/3 and HBR2/neu) were analyzed, to identify 8-, 9-, 10-, and 1 l-mer 
sequences containing the HLA-A2 supertype binding motif. This motif 
[leucine (L), isoleucine (I), valine (V), methionine (M), alanine (A), threonine 
(T), or glutamine (Q) at position 2, and leucine (L), isoleucine (I), valine (V), 
meduonine (M), alanine (A), or threonine (T) at the C-terminus; see Table 2] 
is the predominant factor in determining peptide binding to the HLA 
molecules within the A2 supertype (see, e.g., del Guercio et al, J. Immunol, 
154:685-693 (1995); Sette, A. and Sidney, J., Cur. Opin. Immunol, 10: 478- 
482 (1998); Sidney et al, Immunology Today, 17:261-266 (1996)). Nonamer 
and decamer sequences were further characterized using an A2-specific 
algorithm to evaluate secondary anchor residues (Ruppert et al, Cell 74:929- 
937 (1993); Gulukota a/., /. Mol Biol 267:1258-1267 (1997)). 

EXAMPLE 3 

MOLECULAR BINDING ASSAYS 

[0298] Native sequences containing HLA-A2 peptide motifs were tested 

directly for binding to human class I HLA molecules, since a subset of motif- 
bearing peptides bind with a biologically significant affinity, data depicted in 
Table 6. An affinity threshold < 500 nM to the HLA-A2 molecule was 
previously shown to define the capacity of a peptide epitope to elicit a CTL 
response (Sette et al, J. Immunol 153:5586-5592 (1994)). A competitive 
inhibition assay using purified HLA molecules was used to quantify peptide 
binding. Motif-bearing pq)tides were initially tested for bindmg to 
HLA-A*0201, the prototype member of the HLA-A2 supertype. Peptides 
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binding to A*0201 with an IC50 ^ 500 nM were subsequently tested for their 
C25)acity to bind oflier predominant molecules of the A2 supertype: A*0202, 
A*0203, A*0206 and A*6802 (del Guercio et al, J. Immunol, 154:685-693 
(1995); Sette, A. and Sidney, J., Cur, Opin. Immunol, 10: 478-482 (1998); 
Sidney et al. Immunology Today, 17:261-266 (1996)). A*0201 -binding 
peptides found to bind at least one additional A2 supertype member were 
selected for further testing. Analogs of the native sequences for the CEA and 
p53 were evaluated to identify additional CTL peptide epitopes, as described 
below. 

EXAMPLE4 
A2 EPITOPE IDENTIFICATION 

[0299] Since HLA-A2 is a species restricted molecule, the binding and 

functional activities of the A2 vaccine epitopes were measured in vitro using 
human molecules and cells. CTL epitopes were identijBed that demonstrated 
high or intermediate HLA-A2 binding aJEBnity (IC50 of < 500 nM). These 
epitopes also bound to at least one additional member of the HLA-A2 
supertype family with an IC50 ^ 500 nM. Each epitope stimulated the in vitro 
induction of a specific human CTL that recognized and lysed peptide-pulsed 
target cells and tumor cell lines expressing the relevant TAA. A PADRE® 
molecule is optionally included in the vaccine to promote the induction of long 
lasting CTL responses (Alexander et al, Immunol Res. 18(2):79-92 (1998)). 

[0300] Immunological responses were demonstrated by in vitro induction of 

human CTL that were capable of recognizing both peptide-pulsed cells and 
TAA-expressing tumor cell lines. In certain cases, analog peptides were 
selected based on either improved binding affinity or supertype coverage 
relative to the native peptide and in one case, substitution of a cysteine with 
another amino acid. 

[0301] Analogous assa>^ can be used for other HLA types. 
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EXAMPLES 

PEPTIDE ANALOGS INCREASE SUPERTYPE CROSS-REACTIVITY OR 
EWPROVE CHEMICAL CHARACTERISTICS 

[03021 Class I HLA peptides can be modified, or "analoged" by substitution 

of amino acids at a given position to increase their HLA binding ajBBnity 
and/or si5>ertype cross-reactivity (see, e.g.. Table 2, and Zitvogel et al, J Exp 
Med 183:87-97 (1996); Sette, etal. J. Immunol 153:5586-5592 (1994)). The 
amino acids at position 2 and the C terminus of a peptide are the primary 
contactor "anchor" residues that interact with the HLA-A2 binding pocket Iti 
order to identify analogs for inclusion in a conQ)osition of tihe invention, 
anchor residues were modified by substitution with a presently preferred or 
less preferred anchor residue, at position 2 and/or at the C-terminus. 

[03031 Another type of modification utilized involved the substitution of a- 

amino butyric acid (B) for endogenous cysteine (C) residues to avoid the 
potential complication of disulfide bridge formation during experimentation 
and development. 

[03041 For example, two criteria that were used to select native peptides to be 

analoged: 1) presence of a suboptimal anchor residue; and 2) at least weak 
binding (IC50 = 500-5000 nM) of flie parent peptide to at least two or three 
alleles of a supertype. 

[0305] Peptides can also be analoged by modification of a secondary anchor 

residue. For example, in preferred approaches, a peptide can be analoged by 
removal of a deleterious residue in &vor of an acceptable or preferred one; an 
acceptable residue can be exchaiiged for a different acceptable residue or a 
preferred residue, or a preferred residue can be exchanged for another 
preferred one. 

[0306] Accordingly, peptide sequences were modified using one or more of 

the strategies described above. The peptides were tested for HLA-A2 
supertype binding using the molecular binding assay. Supertype-binding data 
for analog peptides are shown in Table 6. 
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EXAMPLE 6 

CEIXULAR MMUNOGENICITY SCREENING 

[0307] The peptides of the invention were also evaluated for their potential to 

stimulate CTL precujrsor responses to the TAA-derived peptide (in vitro 
primary CTL mduction) and CTL recognition of tumor cells expressing the 
target TAA peptide epitope (recognition of endogenous targets). These 
criteria provided evidence that the peptides are functional epitopes. 

In Vitro Primary CTL hiduction 

[0308] Peripheral blood monocytic cell-derived (or bone-marrow-derived) 

human DC, generated in vitro using GM-CSF and IL-4 and pulsed with a 
peptide of interest, were used as antigen presenting cells (APCs) in primary 
CTL induction cultures. The peptide pulsed DC were incubated with CDS T 
cells (positively selected ftom normal donor lymphocytes using magnetic 
beads) which served as ttie source of CTL precursors. One week after 
stimulation with peptide, primary cultures were tested for epitope-specific 
CTL activity using either a standard chromiimi-release assay which measures 
cytotoxicity or a sandwich ELISA-based interferon gamma (IFNy) production 
assay. Each of the CTL epitopes of Table 6 stimulated CTL induction from 
CDS T cells of normal donors. 

Recognition of Endogenous Targets 

[0309] As described herein, T cell cultures testing positive for recognition of 

peptide-pulsed targets were expanded and evaluated for their ability to 
recognize human tumor cells that endogenously express the TAA. Hie 
chromimn-release and IFNy production assays were used for these 
evaluations, with tumor cell lines serving as the targets. Tumor cell lines 
lacking expression of either the TAA or the HLA-A2.1 molecule served as the 
negative control for non-specific activity. CTL cultures were generated which 
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recognized tumor ceUs in a peptide-specific and HLA-A2-iestiicted manner 
(Table 6). 

[0310] The HIA recqptor binding and immunogenicity characteristics of CTL 

peptides are summarized in Table 6. 



EXAMPLE? 

A PADRE® MOLECULE AS A HELPER EPITOPE FOR ENHANCEMENT 

OF CTL INDUCTION 



(0311J There is increasing evidence that HTL activity is critical for the 

induction of long lasting CTL responses (Livingston et al J. Immunol 
162:3088-3095 (1999); Walter et al, New Engl. J.Med. 333:1038-1044 
(1995); Hu et al., J. Exp. Med. 177:1681-1690 (1993)). Therefore, one or 
more peptides that bind to HLA class n molecules and stimulate HTLs can be 
used in accordance with the invention. Accordingly, a prefen^d embodiment 
of a vaccine includes a molecule from the PADRE* fanuly of universal T 
helper cell epitopes (HTL) that target most DR molecules in a manner 
designed to stimulate helper T cells. For instance, a pan-DR-binding epitope 
peptide having the formula: aKXVAAZTLKAAa, where «X" is either 
cyclohexylalanine, phenylalauine, or tyrosine; "Z" is eitiier tryptophan, 
tyrosine, histidine or asparagine; and "a" is eithw D-alanine or L-alanine (SEQ 
ID NO:29), has been found to bind to most HLA-DR alleles, and to stimulate 
the response of T helpw lymphocytes ftom most individuals, regardless of 
their HLA type. 

[0312] A particularly prefeired PADRE® molecule is a syntiietic peptide, 

aKXVAAWTLKAAa (a = D-alanine. X = cyclohexylalanine), containing non- 
natural amino acids, specifically engineered to maximize botii HLA-DR 
binding c^adty and induction of T cell immune responses. 

[0313] Alternative preferred PADRE* molecules are tiie peptides, 
aKFVAAWTLKAAa, aKYVAAWTLKAAa, aKFVAAYTLKAAa, 
aKXVAAYTLKAAa, aKYVAAYTLKAAa, aKFVAAHTLKAAa, 
aKXVAAHTLiCAAa, aKYVAAHTLKAAa, aKFVAANTLKAAa, 
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aKXVAANTLKAAa, aKYVAANTLKAAa, AKXVAAWITJKAAA (SEQ ID 
NO:30), AKFVAAWTLKAAA (SEQ ID N0:31), AKYVAAWTLKAAA 
(SEQ ID NO:32), AKFVAAYTLKAAA (SEQ ID NO:33), 
AKXVAAYTLKAAA (SEQ ID NO:34), AKYVAAYTLKAAA (SEQ ID 
NO:35X AKFVAAHTLKAAA (SEQ ID NO:36). AKXVAAHTLKAAA 
(SEQ ID NO:37), AKYVAAHTLKAAA (SEQ ID NO:38), 
AJOFVAANTLKAAA (SEQ ID NO:39), AKXVAANllXAAA (SEQ ID 
NO:40), AKYVAANTLKAAA (SEQ ID N0:41) (a = D-alanine, X = 
cyclohexylalanine). 

10314] Iq a presently preferred embodimeat, the PADRE® peptide is 

amidated. For example, a particularly preferred amidated embodiment of a 
PADRE* molecule is conventionally written aKXVAAWTLKAAa-NH2. 
10315] Competitive inhibition assays with purified HLA-DR molecules 

demonstrated that the PADRE® molecule aKXVAAWTLKAAa-NHz binds 
with high or intermediate aflSnity (IC50 ^1,000 nM) to 15 out of 16 of the most 
prevalent HLA-DR molecules ((Kawashima et al, Human Immunology 
59:1-14 (1998); Alexander et al. Immunity 1:751-761 (1994)). A comparison 
of the DR binding edacity of PADRE® and tetanus toxoid (TT) peptide 830- 
843, a "universal" epitope has been published (Panina-Bordignon et al.. Eur. J. 
Immunology 19:2237-2242 (1989)). The TT 830-843 peptide bound to only 
seven of 16 DR molecules tested, while PADRE® bound 15 of 16. At least 1 
of fhe 15 DR molecules fliat bind PADRE® is predicted to be prescait in >95% 
of all humans. Therefore, this PADRE® molecule is anticipated to induce an 
HTL response in virtually all patioits, despite the extensive polymorphism of 
HLA-DR molecules in the human population. 
[0316] PADRE® has been specifically engineered for optimal immunogenicity 

for human T cells. Representative data firam in vitro primary immunizations 
of normal human T cells with TT 830-843 antigen and the PADRE® molecule 
aKXVAAWTOCAAa-NH2 are shown in Figure 1. Peripheral blood 
mononuclear cells (PBMC) &om three normal donors were stimulated with the 
peptides in vitro. Following the third round of stimulation, it was observed 
that PADRE® generated significant primary T cell responses for all three 
donors as measured in a standard T cell proliferation assay. With the 
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PADRE® peptide, the 10,000 cpm proliferation level was generally reached 
with 10 to 100 ng/ml of antigen. In contrast, TT 830-843 antigen generated 
responses for only 2 out of 3 of the individuals tested. Responses broaching 
ttie 10,000 cpm range were reached with about 10,000 ng/ml of antigen. In 
tiiis respect, it was noted that PADRE® was, on a molar basis, about 100-fold 
more potent than TT 830-843 an&gea for activation of T cell responses. 
[0317] Early data from a phase VR investigator-sponsored trial, conducted at 

the University of Leiden (C.J.M. Melief), siq)port the principle that the 
PADRE® molecule aKXVAAWTLKAAa, possibly the amidated 
aKXVAAWTLKAAa -NH2, is higjily immunogenic in humans (Ressing et aL, 
Detection of immune responses to helper peptide, but not to viral CTL 
epitopes, following peptide vaccination of immunocompromised patients with 
recurrent cervical carcinoma. (J. Immunother. 23(2):255-66 (2000)). In this 
trial, a PADRE® molecule was co-emulsified with various human papilloma 
virus (HPV)-derived CTL epitopes and was injected into patients with 
recurrent or residual cervical carcinoma. However, because of the late stage 
of carcinoma with the study patients, it was expected that these patients were 
immunocompromised. The patients' immimocompromised status was 
demonstrated by their low frequency of influenza virus-specific CTL, reduced 
levels of CD3 expression, and low incidence of proliferative recall responses 
after in vitro stimulation with conventional antigens. Thus, no efficacy was 
anticipated in the University of Leiden trial, rather the goal of that trial was 
essentially to evaluate safety. Safety was, in fact, demonstrated. In addition 
to a favorable safety profile, PADRE® T cell reactivity was detected in four of 
12 patients (Figure 2) in spite of the reduced immune competence of these 
patients. 

[0318] Thus, tiie PADRE® peptide conq)onent(s) of the vaccine bind with 

broad specificity to multiple allelic forms of HLA-DR molecules. Moreover, 
PADRE® peptide component(s) bind with high affinity (IC50 <1000 nM), i.e., 
at a level of aflSnity correlated with being immunogenic for HLA Class n 
restricted T cells. The in vivo administration of PADRE® peptide(s) stimulates 
the proliferation of HTL in normal humans as well as patient populations. 
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EXAMPLES 

FUNCTIONAL COMPETENCE OF PROGP-DERIVED DC 

[0319] One embodiment of a vaccine in accordance with the invmtion 

comprises epitope-bearing peptides of the invention delivered via dendntic 
cells (DC). Accordingly, DC were evaluated in both in vitro and in vivo 
.immune function assays. These assays include the stimulation of CTL 
hybridomas and CTL cell lines, and the in vivo activation of CTL. 

DC Parification 

[0320] ProGP-mobilized DC were purified fi:om peripheral blood (PB) and 

spleens of ProGP-treated C57B1/6 mice to evaluate their ability to present 
antigen and to elicit cellular immune responses. Briefly, DC were purified 
&om total WBC and spleen using a positive selection strategy employing 
magnetic beads coated with a CDUc specific antibody (Miltenyi Biotec, 
Auburn CA). For comparison, ex vivo e>£panded DC were generated by 
culturing bone marrow cells fix)m untreated C57B1/6 mice with the standard 
cocktail of GM-CSF and IL-4 (R&D Systems, Minneapolis, MN) for a period 
of 7-8 days (Mayordomo et al, Nature Med. 1:1297-1302 (1995)). Recent 
studies have revealed that this ex vivo expanded DC population contains 
effective antigen presenting cells, with the capacity to stimulate anti-tumor 
hnmune responses (Celluzzi et al, /. E:q>. Med, 83:283-287 (1996)). 

[0321] The purities of ProGP-derived DC (100 |xg/day, 10 days, SC) and GM- 

CSF/IL-4 ex vivo expanded DC were determined by flow cytometry. DC 
populations were defined as cells expressing both CD 11c and MHC Class II 
molecules. Following purification of DC from magnetic CDllc microbeads, 
the percentage of double positive PB-d^ved DC, isolated fix>m ProGP-treated 
xnice, was enriched firom approximately 4% to a range firom 48-57% (average 
yield = 4.5 x 10^ DC/animal). The percentage of purified splenic DC isolated 
firom ProGP treated mice was enriched fix)m a range of 12-17% to a range of 
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67-77%. The purity of GM-CSF/IL-4 ex vivo expanded DC ranged from 31- 
41% (Wong et al., J. Immmother., 21:32040 (1998)). 
In Vitro Stimulation of CTL Hybridomas and CTL CeD Lines: 
Presentation of Specific CTL Epitopes 
[0322] The ablKty of ProGP generated DC to stimulate a CTL ceU line was 

demonstrated in^ntro using a viral-derived epitope and a corresponding 
epitope responsive CTL cell line. Transgenic mice expressing human HLA- 
A2.1 were treated with ProGP. Splenic DC isolated from these mice were 
pulsed with a peptide epitope derived from hepatitis B virus (HBV Pol 455) 
and then incubated with a CTL cell line that responds to the HBV Pol 455 
epitope/HLA-A2.1 complex by producing IFNy. The capacity of ProGP- 
derived splenic DC to present the HBV Pol 455 epitope was greater than that 
of two positive control populations: GM-CSF and IL-4 expanded DC cultures, 
or purified splenic B cells (Figure 3). The left shift in the response curve for 
ProGP-derived spleen cells versus the other antigen presenting cells reveal that 
these ProGP-derived cells require less epitope to stimulate mavimgl iPNy 
release by the responder cell line. 

EXAMPLE 9 

PEPTIDE-PULSED PROGP-DERIVED DC PROMOTE IN VWO CTL 

RESPONSES 

[0323] The ability of ex vivo peptide-pulsed DC to stimulate CTL responses 

in vivo was also evaluated using the HLA-A2.1 transgenic mouse model. DC 
derived from ProGP-treated animals or control DC derived from bone marrow 
cells after expansion with GM-CSF and IL-4 were pulsed ex vivo with the 
HBV Pol 455 CTL epitope, washed and injected (IV) into such mice. At 
seven days post immunisation, spleens were removed and splenocytes 
containing DC and CTL were restimulated twice in vitro in the presence of the 
HBV Pol 455 peptide. The CTL activity of three independent cultures of 
restimulated spleen cell cultures was assessed by measuring the ability of the 
CTL to lyse ^^Cr-labeled target cells pulsed wifli or witiiout peptide. Vigorous 
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CTL responses were generated in am'Tn als inmnmized with the epitope-pulsed 
PioGP derived DC as well as epitope-pulsed GM-CSF/IL-4 DC (Figure 4). In 
contrast, animals that were inununized with mock-pulsed ProGP-generated 
DC (no peptide) exhibited no evidence of CTL induction. These data confirm 
that DC derived &om ProGP treated mice can be pulsed ex vivo with epitope 
and used to induce specific CTL responses in vivo. Thus, these data support 
the principle that ProGP-derived DC promote CTL responses in a model that 
manifests human MHC Qass I molecules. 
[0324] In vivo pharmacology studies in mice have demonstrated no apparent 

toxicity of reinfiision of pulsed autologous DC into animals. 

EXAMPLE 10 

MANUFACTURING OF SYNTHETIC PEPTIDES 

Physical/Chemical Properties of the Bulk A2 Vaccme Peptides 

[0325] In one embodiment, each peptide of the invention is prepared by 

chemical synthesis and is isolated as a solid by lyophilization. Peptides are 
manufectured in compliance with Good Manufacturing Practices. 

[0326] Bulk peptides of the invention, following identity and release testing, 

are foimulated as an aqueous or non-aqueous solution, sterile filtered, and 
aseptically filled into sterile, depyrogenated vials. Sterile rubber stoppers are 
inserted and overseals applied to the vials. Thie vialed formulations undergo 
100% visual inspection and specified release testing. The released vials are 
labeled and packaged before delivery for administration. 

[0327] Table 6 sunomarizes the identifying source number, the amino acid 

sequence, binding data, and properties of CTLs induced by each peptide. 
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EXAMPLE 11 

DENDRITIC CELL ISOLATION, PULSING, TESTING AND 
ADMINISTRATION 

[0328] A presently preferred procedure for vaccination is set forth herein. In 

brief, patients are treated with ProGP to expand and mobilize DC into the 
circulation. On the day of peak DC mobilization, determined in accordance 
with procedures known in the art, patirats undergo leukapheresis 
(approximately ISL process, possibly repeated once if. required to collect 
sufficient mononuclear cells). The mononuclear cell product is admixed with 
peptides of the invention by injection through micropore filters (this admixing 
protocol is not needed if sterile peptides are used). After incubation and 
washing to remove residual unbound peptides, the cell product vaccine 
embodiment is resuspended in cryopreservative solution (final 10% DMSO) 
and, for those protocols involving multiple vaccination boosts, divided into 
aliquots. The pulsed mononuclear ceU product(s) are fi:ozen and stored 
according to accepted procedures for hematopoietic stem cells. 

[0329] Vaccination is performed by injection or intravenous infusion of 

thawed cell product after the hematologic effects of ProGP in the patient have 
dissipated (i.e, the hemogram has returned to baseline). Figure 5 provides a 
flow chart of ex vivo pulsing of DC with peptides, washing of DC, DC testing, 
and cryopreservation. A more detailed description of the process is provided 
in the following Examples. 

EXAMPLE 12 

ADMINISTRATION OF PROGP AND COLLECTION OF 
MONONUCLEAR CELLS BY LEUKAPHERESIS 

[0330] Patients are treated with ProGP daily by subcutaneous injection (dose 
and schedule determined in accordance with standard medical procedures). 
On the evening before leukapheresis, patients are assessed by an apheresis 
physician or nurse/technologist for adequacy of intravenous access for large- 
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bore q>heresis cafheters. If peripheral venous access is deemed inadequate to 
maintain rapid blood flow for apheresis, then central venous catheters 
(inguinal, subclavian or internal jugular sites) can be inserted by ^propriate 
medical/surgical personnel. On the day of predicted peak DC mobilization, 
leukapheresis (approximately 3 blood volumes or 15L) is performed, for 
example, on a Cobe Spectra or F^tiwal CS3000 (flow rate >35mL/min) to 
obtain mononuclear cells. The number of DC in the leukapheresis product is 
estimated by flow cytometric counting of mononuclear cells possessing the 
immunophenotypes lin-/HLA-DR+/CDllc+ and lin-/HLA-DR+/CD123+ in a 
ImL sample aseptically withdrawn jfrom the apheresis product. The numbers 
of granulocytes and lymphocytes in the leukapheresis product are counted by 
automated cytometry (CBC/differential). CBC/differential is performed 
immediately after the leukapheresis procedure and every other day for ten 
days to monitor resolution of the hematologic effects of the hetnatopoietin 
•treatment and q)heresis. 

EXAMPLE 13 
A PROCEDURE FOR DENDRITIC CELL PULSESfG 

[0331] Plasma is removed from the leukapheresis product by centrifugation 

and expression of supernatant The cells from the centrifugation pellet are 
resuspended in OptiMEM medium with 1% Human Serum Albumin (HSA) at 
a cell density of 10^ DC/ml in up to 100 ml. 

[0332] The peptide(s) of the invention, preferably as individual sterile A2 

peptide formulations, are administered directly into the DC culture bag 
through an injection port, using aseptic technique. After mixing, by 
repeated squeezing and inversion, the cell suspension is incubated for four 
hours at ambient temperature. Cryopreservative solution is prepared by 
dissolving 50 mL pharmaceutical grade dimethylsulfoxide (DMSO) in 200 mL 
Plasmalyte®. After the pulsing period, the cell suspension is washed by 
centrifugation and resuspension in an equal volume of phosphate bufiered 
saline solution. The washing procedure is repeated a defined number of times. 
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e.g., until studies validate that peptides have been removed. Samples of one 
milliliter each are removed for viability testing and microbiological testing. 
The cells are then prepared for freezing by centrifugation and resuspension in 
an equal volume of cryopreservative solution (final 10% DMSO). The ceU 
suspension in cryopreservative is then divided into six equal aliquots, 
transferred to 50 ml freezing bags OFenwal) and frozen at controlled rate of 
l°C/min for storage in liquid nitrogen until needed for vaccination procedure. 

Assay to Evaluate tiie Pulsing Procedure 

10333] Antigen presenting cells, long-tenn stimulated T cells conresponding to 

pqptides of the invention, or T cell hybridomas, are used to determine the 
optimal procedure for incubating the peptide reagents of a vaccine with human 
. cells. Pulsing studies are done using one or more of the folloAving cell 
sources: purified DC from ProGP treated HLA- A2.1 transgenic mice; human 
tumor cell Unes that express HLA-A2; peripheral blood mononuclear cells 
from normal human volunteers; peripheral blood mononuclear cells from 
ProGP treated patients; and/or DC obtained from normal human HLA-A2 
volunteers following the ex vivo culture of their peripheral blood mononuclear 
cells with GM-CSF and IL-4. 
[0334] Evaluated conditions include, e.g^.: 

Cellular isolation procedure and cell number 
Concentration of vaccine peptides 
Washing conditions to remove ancillary reagents 
Post-pulsing manipulations (resuspension, freezing) 
[0335] Accordingly, these studies demonstrate the ability of flie procedure to 

produce fimctional HLA-A2/peptide complexes on the surface of the human 
cells. The validation of the pulsmg procedure is established using HLA-A2.1- 
specific T cell lines after which the Phase I clinical trial occurs. 
[0336] This Example may also be performed using Al, A3, A24, B7 or B44- 

restricted peptides by substituting appropriate HLA-related reagents. It will be 
clear to one of skill in the art how to make such substitutions. 
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EXAMPLE 14 

VALIDATION OF PEPTIDE REMOVAL FROM THE DC PRODUCT 

[0337] FoUowing pulsing with the peptide reagents, DC ftom the patient are 

washed several times to remove excess peptides prior to infusing the cells 
back into flie patient. In this embodiment of a vaccine of the invention, the 
washing procedure removes unbound peptides. Accordingly, there is no, or 
negligible, systemic exposure of the patient to the peptides. Alternative 
vaccines of the invention involve direct administration of peptides of the 
invention to a patient, administration of a multiepitopic polypeptide 
comprising one or more peptides of the invention, administration of the 
peptides in a form of nucleic adds which encode them, e.g., by use of 
minigene constructs, or by viral vectors. 

Assay for Vaccine Peptides in the Dendritic Cell Wash Buffer 

[0338] After the DC are incubated with the peptides, the cells are washed with 

multiple volumes of wash buffer; An aliquot of the last wash is placed onto a 
nonpolar solid-phase extraction cartridge and washed to reduce the salt content 
of the sample. Any peptides contained in the buffer will be eluted fix)m the 
extraction cartridge and evaporated to dryness. The sample is then 
reconstituted in High Performance Liquid Chromatography (HPLC) mobile 
phase, injected onto a polymer based reverse-phase HPLC column, and eluted 
using reverse-phase gradient elution chromatography. Residual peptides are 
detected using a mass spectrometer set-up to monitor the protonated molecular 
ions of each peptide as they elute from the HPLC column. . The peptides are 
quantified by comparing the area response ratio of analyte and internal 
standard to that obtained for standards in a calibration curve. 



119 



wo 2004/052917 



PCTAJS2003/038949 



EXAMPLE 15 

VALIDATION OF TRIFLUOROACETIC ACID REMOVAL FROM THE 

DC PRODUCT 

[0339] In a particular embodiment, peptide reagents may be formulated using 

0.1% trifluoroacetic acid (TFA). The washing procedure developed to remove 
residual peptide also removes residual TFA. 

EXAMPLE 16 

DENDRITIC CELL RELEASE TESTING 

Identity 

[0340] The number of DC in the leukapheresis product is estimated by flow 

cytometric counting of mononuclear cells possessing the inmiunophenotypes 
..lm'/HLA-DR'*^/CDllc'*" and lin"/HLA-DR'*^/CD123"^ in a 1 ml sample 
aseptically withdrawn from the apheresis product. Lin' cells excludes 
monocytes, T4ymphocytes, B-lymphocytes, and granulocytes, by using a 
cocktail of antibodies to lineage markers CD3, CD14, DC16, CD19, CD20, 
CD56. 

Cell Viability 

[0341] Viability of mononuclear cells is assessed after pulsing and washing, 

prior to suspension in ciyopreservative, by trypan blue dye exclusion. In 
general, if the cell product contains more than 50% trypan blue-positive ceUs, 
the product is not adnunistered to a patient. 

Microbiological Testing 

[0342] The cell suspension in cryopreservative is examined for microbial 

contamination by gram stain and routine clinical bacterial and fungal 
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culture/sensitivity. If tests are positive for bacterial or fungal contaminatioii, 
inq)licit evidence of significant contamination, the product is not infused If, 
e.g., a gram stain is negative, the product may be infused for the firet 
vaccination while awaiting results of culture/sensitivity. Antibiotic therapy 
based on culture results is instituted at the discretion of the treating physician 
if the patient shows appropriate signs of infection that could be clinically 
attributable to the infused contaminant. 

EXAMPLE 17 

PATIENT VACCINATION 

[0343] In a preferred embodiment, an aliquot of fix)zen pulsed dendritic cell 

product is removed Scorn a liquid nitrogen freezer and kept frozen in an 
insulated vessel containing liquid nitrogen during transport to the infusion site. 
The product is thawed by immersion with gentle agitation in a water bath at 
37°C. Immediately on thawing, the cell suspension is infused through 
intravenous line by gravity or by syringe pump. Alternatively, the vaccine is 
administered by injection, e.g.y subcutaneously, intradermally, or 
intramuscularly. The patient's vital signs are monitored before 
infusion/injection and at 5 minute intervals during an infusion, then at 15 
minute intervals for 1 hour after infiision/injection. 

[0344] Infusion protocols in accordance with knowledge in the art are carried 

out for alternative vaccine embodiments of the invention, such as direct 
peptide infusion or nucleic acid administration. 

EXAMPLE 18 

ANA2VACCINE 

[0345] A vaccine in accordance with the invention comprises eight pq>tide 

epitopes bearing the HLA-A2 supennotif. Collectively, these eight epitopes 
are derived from the tumor associated antigens (TAAs) HER2/neu, p53, 
MAGE 2, MAGE3, and cardnoembryonic antigen (CEA), and stimulate CTL 
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responses to these TAAs. (see Table 9) These eight peptides, which are also 
presented in Table 6, bear an HLA-A2 supermotif. OptionaUy, a irinUi peptide, 
an HTL epitope that enhances CTL responses such as a pan-DR-binding 
pqptide (PADRE®, Epimmune, San Diego, CA), is included. 

[0346] The eight HLA-A2 pqptide components of the A2 vaccine bind to 

multiple HLA-A2 superfimily molecules with high or intermediate affinity 
(ICso ^ 500 nM). HLA-A2-specific analog and native peptide components of 
the A2 vaccine stimulate CTL from the peripheral blood of normal human 
volunteers. These CTL recognize native peptides that have been pulsed onto 
HLA-A2 expressing APCs, as well as endogenous peptides presented by 
HLA-matched tumor cell lines. Thus, flie A2 vaccine is effective in 
stimulating the cellular arm of the immune system to mediate immune 
responses against tumors. 

[03471 It is to be ^preciated that vaccines comprising pqjtides bearing other 

motifs, or nucleic acids encoding such peptides, are also used in accordance 
with the principles set forfli herein, and are within the scope of the present 
invention. 

[03481 In a preferred embodiment, an A2 vaccine comprises DC pulsed ex 

vivo with the nine peptides. This embodiment of a vaccine can be used with 
progenipoietin (ProGP)-mobili2ed DC. 

EXAMPLE 19 

AN A2 VACCINE 

[0349] An A2 vaccine comprises a cocktail of 12 peptides, 10 of which 

stimulate CTL responses to the tumor associated antigens (TAA) HER2/neu, 
p53, MAGE 2/3, and carcinoranbryonic antigen (CEA). The remaining two 
peptides are both members of the PADRE* femily of peptides lhat are HTL 
qpitopes ttat enhance CTL responses (see Table 10). This embodiment of an 
A2 Vaccine is used in combination with an emulaon-based adjuvant such as 
Montanide® ISA51 or ISA720 (Seppic, Paris, France) or an Incomplete 
Freund's Adjuvant, preferably administered by injection. As predated by 



122 



wo 2004/052917 



PCT/US2003/038949 



those of skill in the art, alternative modes of administration can also be used. 
Many adjuvants are known in the art, and are used in accordance with the 
present invention, see, e.g., Tomlinson, etal. Advanced Drug Delivery 
Reviews, Vol. 32(3) (6 July 1998). 
[0350] The eight HLA-A2 CTL peptide components of this vaccine 

embodiment bind to multiple HLA-A2 super&mily molecules with high or 
intermediate affinity (IC50 ^ 500 nM). The HLA-A2-specific analog and 
native peptide components of the present vaccine stimulate CTL fix)m patient's 
blood. These CTL recognize native peptides that wore pulsed onto HLA-A2 
expressing APCs, as well as endogmous peptides presented by HLA-matched 
tumor cell lines. 

[0351] Two peptides that stimulate HLA class n are also used in accordance 

with the invention. For instance, a pan-DR-binding epitope peptide having the 
formula: aKXVAAZTLKAAa, where "X" is either cyclohexylalanine, 
phenylalanme, or tyrosine; "Z" is either tryptophan, tyrosine, histidine or 
asparagine; and "a" is either D-alanine or L-alanme (SEQ ID NO:29), has been 
found to bind to most HLA-DR alleles, and to stimulate the response of T 
helper lymphocytes from most individuals, regardless of their HLA type. Two 
particularly preferred PADRE® molecules are the peptides, 
aKFV AAYTLB^a-NHa and aKXV AAHTLKAAa-NHa (a = D-alanine, X = 
cyclohexylalanine), tiie latter containing a non-natural amino acid, specifically 
engineered to maximize both HLA-DR binding edacity and induction of T 
cell immune responses. 

[0352] The PADRE® peptide components of the A2 vaccine bind with high 

afBnity and broad specificity to multiple alleUc forms of HLA-DR molecules 
(IC50 ^1000 nM). The in ^nvo administration of PADRE® peptide stimulates 
the proliferation of HTL in normal humans as well as patimt populations. 
Thus, this vaccine embodiment is effective in stimulating the cellular arm of 
the immune system to mediate immune responses against tumors. 
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EXAMPLE 20: 

IDENTIFICATION OF HLA-Al, -A3, -A24 AND -B7 MOTIF BEAKENG 

PEPTIDES 

[0353] Cytotoxic T cells (CTLs) play a major role in anti-tumor immime 

responses by directly lysing tumor cells and also by seareting cytokines such 
as interleukin-2, TNFa (tumor necrosis factor), GM-CSF (granulocyte- 
macrophage colony stimulating fector) and interferon gamma (IFNy) which 
can contribute to the anti-tumor effect. These CTLs recognize small peptides, 
8-11 amino adds long, that are derived Scorn antigens expressed specifically 
by tumor cells and bound to MHC Class I molecules (Zinkemagel, 1997; 
York, 1996; Rammensee, 1993). The role of CTLs in tumor regression has 
been dociunented in both mouse models and patients. The CTLs constitute a 
major component of immune lymphocytes infiltrating tumor sites (TIL cells). 
These ceUs have been associated with spontaneous tumor regression in 
humans (Zom, 1999). In vivo CTL induction in transgenic mice gives rise to 
CTLs that recognize tumor cells resulting in tumor regression. Toes et al 
(1996) and Vierboom et al (1997) also performed adoptive transfer 
experiments in mice and observed protection &om tumor development. 
Adoptive transfer experiments in humans have also demonstrated the efScacy 
of anti-tumor CTL (Greenberg, 1991; Kawakami, 1995), Human trials have 
demonstrated that epitope-specific CTLs can be induced in cancer patients and 
in several instances correlated their induction with partial or coiiq)lete tumor 
responses (Murphy, 1996; Nestle, 1998; Rosenberg, 1998). 

[0354] An important first step in the development of a cancer vaccine is the 

identification of these pq)tide epitopes &om tumor-associated antigens (TAA). 
There are numerous tumor-associated antigens expressed by tumor cells and a 
tumor cell may express multiple epitopes 6om several TAA (Tsang, 1995; 
Rongcun, 1999; Soussi, 1996). Several mvestigators (Shu, 1997; Wang, 1997; 
Gilboa, 1999 and Berlyn, 1999) have attempted to categorize the tumor 
antigens identified to date. Briefly, these are differentiation antigens that 
correspond to normal tissue-specific gene products such as tyrosinase, gplOO 
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and MART-1; mutations of tumor suppressor genes such as p53, ras and 
bcr/abl; overexpressed normal or embryonic gene products represented by 
MAGE (a family of melanoma associated antigens), Her2/neu and CEA; and 
antigens derived from viruses such as human papilloma virus. Tumor cells 
may be expressed by more than one TAA, and a tumor cell may express 
multiple epitopes from a particular TAA (Van den Eynde, 1989; Tsang, 1995; 
Rongcun, 1999; Soussi, 1996). 

[0355] For the putpose of developing a broadly effective cancer vaccme, four 

TAA (CEA, HER2/neu, MAGE2/3, and p53) expressed by many tumors such 
as colon, breast, lung and gastric cancers, and in the case of MAGE, some 
melanomas, were selected. The use of multiple TAA should address the 
potential problem in developing a cancer immunotherapeutic; namely, that 
tumor escape can occur through the selection of antigen-negative variants 
(Boon, 1989a,b; MeUef, 1989). 

[0356] Using peptide epitopes in a vaccine composition has distinct 

advantages over using whole antigen. The whole antigen may include 
immunosuppressive epitopes or might have undesired intrinsic biological 
activity. An additional advantage to an epitope-based vaccine is the ability to 
combine both CTL and helper epitopes, or epitopes from multq)le TAA or 
HLA types into a single fomiulation. 

[0357] One obstacle in the development of CTL epitope based vaccines is the 

large degree of MHC polymorphism (Sette, 1998). The Class I MHC 
displaying fliese epitopes in humans are temied human leukocyte antigens, or 
HLA. While there are over 125 HLA Class I molecules, it has been discovered 
that most can be grouped mto one of several families or "supertypes" based on 
their ability to bind similar repertoires of peptides. Nine major class I 
supertypes have been described (Sette and Sidney, 1999). Of tiiese, the five 
most prevalent are HLA-A2.1, -AS, -B7, -Al and -A24. Together these 5 
supertypes cover, on average, 98.8 % of the Caucasian, Afiican American, 
J^anese, Chinese and Hispanic populations (Table la). The A2 superfamily 
and the corresponding peptide motifs have been characterized elsewhere 
(Sette, 1998). Therefore, this work will focus on HLA-A3, -B7, -Al and - 
A24. The A3 superfamily comprises A*03, A*ll, A*3101, A*3301 and 
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A*6801, of which A*03 and A*ll are the most predominant. The A3 
supertype provides an average coverage of 44.2% amongst the 5 major 
ethnicities: Caucasian, Black, J^anese, Chinese and Hispanic populations 
(Table 11, Sidney, 1996a). A B7 siq)erfamily has also been identified and 
cconq)rises HLA-B*0702, B*3501-3, B*51, B*5301 and B*5401, and has an 
. average population coverage of 44.7% (Table 11, Sidney, 1996b). Work done 
at Epimmune and by others has demonstrated that many peptides exhibit 
degenerate (crossreactive) binding (Tanigaki, 1994; del Guercio, 1995; 
Sidney, 1995; Sidney, 1996b) which would allow us to identify supertype 
* cross-reactive epitopes that would extend the breadth of coverage. 

[0358] Until bmding assays for all of the HLA-Al and -A24 superfamily 

alleles are developed, identification of HLA-Al and -A24 restricted candidate 
peptides relies on motif analysis and binding affinity assays for the primary 
alleles, A*0101 and A*2402. These 2 alleles would provide average 
.\ population coverage of 11.9% and 28.7%, respectively (Table 11). HLA- 
A*01 increases coverage of black, Chinese, and Hispanic populations and 
A*24 provides significant coverage of the Asian and Hispanic populations. 

[03591 Analysis of HCV-derived peptides revealed that peptides binding the 

. predominant allele of the siq)atype (i.e. A*0201 for the A2 supertype and 
A*0301 for the A3 supertype) with an IC50 ^lOQnM showed cross-reactive 
binding and were recognized by infected patients. Hepatitis B virus-derived 
peptides that fit the same criteria were also demonstrated to be immunogenic 
89% of the time either in transgenic mice, HBV-infected patients, or human 
primary PBL cultures (data not shown). A significant body of work was done 
with infectious disease antigens that demonstrated that immunogenicity could 
be predicted on the basis of binding affinity of <500nM (Sette, 1994a; 
Wentworth, 1996, Alexander, 1997) and supertype cross-reactivity (Threlkeld, 
1997; Bertoni, 1997; Doolan, 1997; Scognamiglio, 1999). A coirelation 
between binding affinity and immunogenicity was also demonstrated for 
HLA-A2-restricted TAA (Keogh, et al. J. Immunol. 167(2):787-91 (2001)). In 
the case of TAA-derived wildtype peptides, binding affinity <20QnM and 
supertype cross-reactivity were highly predictive of endogenous recognition 
(75%). The same success rate was achieved with analogs when primary 
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inununogenicity was coiisidered in addition to binding affinity and stq>ertype 
binding. 

[0360] Based on this knowledge, the principal strategy for epitope 

identification has been to first identify candidate peptides in the wildtype 
antigen sequence by their MHC binding motif, then to detennine their binding 
afSnity and siq}ertype crossreactivity (DiBrino, 1993; Sette, 1994b). High 
afGnity, crossreactive peptides are then tested for in vitro ixnmunogenicity 
with PBMCs fi-om normal donors and theu: ability to induce tmnor-reactive 
CTLs (Celis, 1994a; Celis, 1994b; Kawashima, 1998, Feltkamp, 1994). 

[0361] An extension of this strategy adopted to identify pqitides for potential 

inclusion in vaccines is the development of primary anchor-substituted 
analogs (Ruppert, 1993). This strategy involves the identification of peptides 
carrying suboptimal residues at their primary anchor positions, and the 
replacement of one or more of these suboptimal residues with optimal anchor 
residues to enhance binding aflBnity to the predominant allele of the 
superfamily and/or crossreactivity to the other alleles in the superfamily. This 
strategy has been xised to generate analogs of A2 restricted peptides (Kleogh, et 
al J. Immunol 167(2):787-96 (2001)). The preferred and tolerated amino 
acids at each anchor position for A3, Al, A24 and B7 binding peptides have 
been identified in order to formulate analoging strategies for these alleles. The 
results of those efforts are briefly summarized herein and in Sidney, et al 
Hum. Immunol 62(11):1200-16 (2001). 

[0362] The use of analogs is also relevant to address the problem of expanding 

the number of potential epitopes of a given tumor antigen, particularly in the 
case of small proteins such as pS3. In addition, broadly crossreactive 
siq>ertype binding analogs inorease population coverage of a given epitope. 
Analogs can also be used to enhance the immunogenicity of known epitopes. 
Anoflier advantage is to increase peptide manufacturability and stability by 
substituting, for instance, a-aminobutyric acid (B) for cysteine (Sette, 
Persistent Viral Infections, review). 

[0363] Sarobe (1998), Vierboom (1998) and Irvine (1999) demonstrated that 

A2-restricted, anchor- analoged epitopes derived from TAA and infectious 
disease antigens showed improved immunogenicity in mice. Other 
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investigators have demonstrated (Rosenberg, 1998; Zaremba, 1997) that when 
analogs with binding better than the corresponding wildtype peptide were used 
to stimulate cells from cancer patients in vitro, z peptide-spedfic CTL 
response was detected after far fewer restimulations than were required with 
the wildtype peptide (Rosenberg, 1998; Zaremba, 1997). Most importantly, 
tumor killing was also observed Based on these results, a much stronger CTL 
response would be anticipated in vivo. Additionally, in a clinical trial, 
Rosenberg et al (1998) have observed tumor regression with a melanoma 
analog in conjunction with IL2 thers^y, demonstrating the value of analog 
peptides as immunotherapeutics. Similar results were obtained with fixed 
anchor analogs and PBMCs fi:om normal donors (data not shown). Those 
results clearly demonstrated that these peptides are strong immunogens 
capable of generating wildtype peptide and tumor cell reactive CTLs. 

[0364] There has been little information in the literature describing TAA- 

derived epitopes for the non-A2 alleles (A3, B7, Al and A24). Our strategy is 
to identify novel peptide epitopes that demonstrate high HLA-A*03, -B*07, - 
A*01 or -A*24 binding affinity and supertype binding where applicable in 
order to elicit a strong CTL response. Kawashima (1998); Castelli (1998), 
Kittlesen (1998), Tahara (1999) and others have demonstrated CTL responses 
to tumor epitopes in normal donors or cancer patients, which would indicate 
that tolerance is incomplete. It appears that immune tolerance at the CTL 
level does not completely eliminate or inactivate CTL precursors capable of 
recogniziog high afBnity class I peptides. 

[0365] Here we report the identification of HLA-A3, -Al, -A24 and -B7- 

restricted vaccine candidate peptides fi:om the CEA, MAGE2/3, HER2/neu 
and pS3 tumor antigens. Candidates selected for in vitro immunogenicity 
assays on the basis of their HLA afiSnity and supertype cross-reactivity were 
also d^onstrated to be immunogenic and capable of inducing CTL that 
recognize tumor target cells. 
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MATERIALS AND METHODS 

MHC Sources 

[03661 The following EBV-transfonned cell lines were used as sources of 

class I major histocompatibility complex molecules: Steinlin (A*0101), AMAI 
(B*5301), GM3107 (A*0301, B*0702), BVR (A*1101), SPACH (A*3101), 
LWAGS (A*3301), KAS116 (B*51), and KT3 (A*2402, B*5401). A CIR 
transfectant was used for tiie isolation of A*6801, as well as for B*350L 
These CIR transfectants were characterized by Dr. Walter Storkus and Dr. 
Masafumi Takaguchi, respectively. 

[0367] Cells were maintained in ^dtro by culture in KPMI 1640 medium 

supplemented with 2mM L-glutamine and 10% heat-inactivated PCS. Cells 
were also supplemented with lOOjig/ml of streptomycin [Irvine Scientific, 
Santa Ana, CA] and lOOU/ml of penicillin [Life Technologies, Carlsbad, CA]. 
Large quantities of cells were grown in sfpinner cultures. 

AfiSnity purification of HLA-A and -B molecules. 

[0368] Cells were lysed at a concentration of 10^ cells/ml in PBS containing 

1% lSIP-40 and ImM PMSF. The lysates were cleared of debris and nuclei by 
centiftigation at 10,000x g for 20niin. 

[03691 MHC molecules were then purified by affinity chromatography as 

previously described (Sette, 1998; Ruppert, 1993). Columns of inactivated 
Sepharose CL4B and Protein A Sepharose were used as pre-columns. Lysates 
were filtered through 0.8 and 0.4^M filters and then depleted of HLA-B and 
HLA-C molecules by rqpeated passage over Protein A Sepharose beads 
conjugated with the anti-HLA (B,C) antibody Bl.23.2. Typically 2 to 4 
passages were required for effective depletion. Subsequently, the anti-HLA 
(A,B,C) antibody W6/32 was used to c^ture HLA-A molecules. 

[0370] Independently, both antibody columns were washed with 15-column 

volumes of lOmM TRIS in 1.0% NP-40, PBS and 2-column volumes of PBS 
contaming 0.4% n-octylglucoside. Finally, the class I molecules were eluted 
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with 50mM diethylamine in 0.1 5M NaCl containing 0.4% n-octylglucoside, 
pH 11.5. A 1/25 volume of 2.0M Tils, pH 6.8, was added to the eluate to 
reduce the pH to -8.0, and ttien concentrated by centrifiigation in Centriprep 
30 concentrators (Amicon, Beverly, MA) at 2000ipnL Protein purity, 
concentration, and effectiveness of depletion steps wore monitored by SDS- 
PAGE and BCA protein analysis (Sigma). 

Class I pq)tide-binding assays. 

[0371] Purified human class I molecules [5 to 500nM] were incubated with 1- 

lOnM ^^-radiolabeled probe peptide, iodinated by the Chloramine T method 
(Buus^ 1987), for 48h at room temperature in the presence of 1 \iM human 
P2M (Scripps Laboratories, San Diego, CA) and a cocktail of protease 
inhibitors. The final concentrations of protease inhibitors were: ImM PMSF, 
1.3nM 1.10 phenanfhroline, 73^M pepstatin A, 8mM EDTA, and 200|iM N 
alpha-tosyl-lysine chloromethyl ketotie (TLCK). 

[0372] Class I peptide complexes were separated fix>m firee peptide by gel 

filtration on TSK200 columns, and the fraction of bound peptide calculated as 
previously described (Sette, 1998). In preliminary experiments, tiie HLA class 
i preparation was titered in the presence of fixed amounts of radiolabeled 
peptides to determine the concentration of class I molecules necessary to bind 
10-20% of the total radioactivity. All subsequent inhibition and direct binding 
assays were then performed using these class I concentrations. In the 
inhibition assays, peptide inhibitors were typically tested at concentrations 
ranging from 120(ig/ml to 1.2ng/ml. The data were then plotted and the dose 
yielding 50% inhibition was measured. Peptides were tested in two to four 
completely indq>endent e^qperiments. Since under these conditions 
[label]<[MHC] and IC50 ^[MHC], the measured ICsos are reasonable 
approximations of the true ko values. 

[0373] Radiolabeled probe and standard control pq;)tides used are as follows: 

[0374] An A3 non-natural consensus peptide (A3con; sequence 
KVFPYALINK) (SEQ ID NO: 747) (Sette 1994b; Kubo, 1994) was used as 
the radiolabeled probe for tiie A3, All, A31, and A*6801 assays. An HBV 
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141.Y7 analog of HBVc 141-151 (sequence STLPETYWRR) (SEQ ID NO: 
748) was used as tiie radiolabeled probe for the A*3301 assay. The average 
ICso's of A3con for the A3, All, A31, and A*6801 assays were llnM, 
6.QnM, ISnM, and S.OnM, respectively. The average IC50 of the HBVc 141- 
151 peptide in the A*3301 assay was 29nM. 

[0375] B35con2 (sequence FPFKYAAAF) (SEQ ID NO: 749) was used as the 

radiolabeled probe and standard control peptide for the B*3501, B'^'SlOl, 
B*5301, and B*5401 assays. The ICso's of B35con2 for each of these assays 
were 7.2nM, 5.5nM, 9.3nM, and IQnM, respectively. The A*0201 Signal 
Sequence 5-13a.Y7 (APRTLVYLL) (SEQ ID NO: 750) (Huczko, 1993; Chen, 
1994; Sidney, 1996a,b) was used as the radiolabeled probe and standard 
peptide for B*0702 assay. It had an average ICso of 5.5nM. 

[03761 The human J chain peptide (sequence YTAWPLVY) (SEQ ID NO: 

751) was used as the radiolabeled probe for the Al assay, utilizing an Alcon 
peptide (sequence YLEPAIAKY) (SEQ ID NO: 752) as the standard control. 
It had an average IC50 of 25nM. The A24con peptide (sequence 
AYIDNYNKF) (SEQ ID NO: 753) was used as the radiolabeled probe and 
standard control peptide for the A24 assay, having an average IC50 of 12nM. 



Peptide Synthesis. 



[0377] Peptides were either synthesized at Epimmune, Inc. (San Diego, CA), 

as previously described (Sette, 1998), or, for large epitope libraries, purchased 
as crude material from Chiron Technologies Gorp (Clayton, Victoria, 
Australia). Peptides synthesized at Epimmune were purified to >95% 
homogeneity by reverse-phase HPLC. The purity of these synthetic peptides 
was determined on an analytical reverse-phase column and their composition 
ascaiained by amino acid analysis and/or mass spectrometry analysis. 

Identiflcatioii of motif-DOsitive peptides, 
supertype 

[0378] Protein sequences from the targeted four tumor antigens (pS3, CEA, 

HER2/neu, and MAGE2/3) were scanned, utilizing a customized program, to 
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identify 8-, 9-, 10-, and 11-mer sequences containing the HLA-A3 supertype 
main anchor motif. That motif is leucine (L), isoleucine (T), valine (V), 
methionine (M), alanine (A), serine (S) or threonine (T) at position 2, and 
eitfier lysine (K) or arginine (R) at the C-terminus. 
[0379] Naturally-occurring, or wild-type (WT) peptides identified as 

described above were tested for their capacity to bind purified HLA-A*0301 
and A* 1101 molecules in vitro, Pq>tides exhibiting high QCso ^5QnM) or 
intennediate binding afGnity (ICso 51-SOOnM) for either one or both of these 
primary A3 supertype alleles were then tested on other predominant molecules 
' of the A3 supertype family (A*3101, A*3301, and A*6801) (Sidney, 1996a). 
Peptides binding at least three of the five alleles tested were classified as 
"crossbinders", and candidates for cellular screening analysis. The rationale 
for having co-primary alleles for the A3 supertype is based on similar peptide 
motifs as well as the dichotomy of these alleles' population coverage. A* 03 01 
has the highest phenptypic fi^equencies for Caucasians and North American 
blacks, and A'^'l 101 has the best coverage for Asians. 

HLA-B7 supertype 

[0380] The targeted TAA sequences were scanned to identify 8-, 9-, 10-, and 

ll-mer sequences containing proline (?) at position 2, and L, I, V, M, A, 
phenylalanine (F), tryptophan (W), or tyrosine (Y) at the C-tenninus (EBLA-B? 
supertype motif). 

[0381] These peptides were tested for their capacity to bind purified HLA- 

B'''0702 molecules in vitro. Peptides exhibiting hig^ or intennediate binding 
afGnity were then tested on other predominant molecules of the B7 supertype 
family (B*3501, B*5101, B*5301, andB*5401) (Sidney, 1995). Peptides that 
are B7 supertype crossbinders were candidates for cellular screening analysis. 

m,A.A1 and WT A-A24 motifs 

(03821 For A24 sequences, peptides carrying Y, F, W, or M at position 2, and 

F, 1, 1^ or W at the C terminus were identified as motif positive. The Al motif 
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is somewhat unique in that it possesses a dual primary anchor motif; one at 
position 2 and the C terminus, another at position 3 and the C terminus (Kxbo, 
1994; Kondo, 1997). The residues associated with the Al motif are T, S, or M 
at position 2, aspartic acid (D), glutamic acid Q^, A, or S at position 3, and Y 
at the C terminus. 

[0383] Peptides were tested for their capacity to bind ttie ^ropriate purified 

HLA-Al and A24 motif carrying molecule in vitro. 

Definition of distinct binding regions 

[0384] When a protein s<equence is scanned for the presence of motif-positive 

peptides, it is not uncommon for several peptides to be identified within a few 
residues of each other. Often tunes, a 9-mer peptide is nested within a 10- or 
11-mer sequence. It is possible that some ov^lap exists amongst responses 
elicited by such nested or overlsqpping epitopes, and we thereby consider such 
epitopes as closely related. For vaccine development, we generally 
recommend inclusion of only one epitope fixjm each such family of 
overl^ping peptides. On the other hand, we define distinct regions as 
' peptides having a first position at least 4 residues apart. It is safe to assume 
that upon binding to the MHC, these peptides would induce responses firom 
different T cell receptors (TCR), and should therefore be considered as distinct 
for the purpose of epitope selection. 

Primary anchor position residue substitution strategy. 

[0385] It has been shown that class I peptide ligands can be modified to 

increase their binding aflSnity and/or degeneracy (Sidney, 1996b; Rosmberg, 
1998). More importantly, modified peptides have also been shown to possess 
increased immunogenidty and crossreactive recognition by T cells specific for 
the WT epitope (Parldiurst, 1996; Pogue, 1995). This modification, sometimes 
referred to as "fixing*', entails analoging peptides by replacing sub-optimal 
amino adds at primary anchor positions for optimal residues. What residues 
are optimal is dependent upon the allele under examination. This strategy was 
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successfully eiiq)loyed in the A2 system as part of an effort to develop an A2 
then^autic cancer vaccine (data not shown). 

10386] For the various siqjertypes and alleles addressed in this study, motife 
are listed in Table 2. HLA binding data &om pq)tides selected using these 
motife was analyzed to develop a strategr for analoging TAA-derived peptides 
. with soboptimal anchor residues at anchor positions. 

[0387] For the A3 s>q)ertype, residues L, I, M, A, or S are suboptimal at 

position 2 and can be substituted with T or V. At the C tenninus, bofli R and K 
are canonical residues, each displaying a propensity towards specific alleles 
within die A3 supertype wift lysine preferred by A*0301 and A* 1101, 
argmine is preferred by A*3101, A*3301, and A*6801. 

[0388] For the B7 supertype, proline is absolutely required at position 2 and 

therefore only the C terminus is a candidate for analoging in terms of primary 
anchors. Residues L, M, A, V, F, W, or Y are suboptimal, and can be 
substituted with I. AdditionaUy, we have observed that the presence of a bulky 
aromatic, specifically phenylalanine (F), at position 1 of a B7 supermotif 
peptide can significantly increase B7 binding and crossbindiiig capacity (Table 
15). 

[0389] For the A24 motif, residues F, W, or M at position 2 are suboptimal 

and should be substituted with Y. At the C tenninus, I, L, or W are suboptimal 
and should be substituted with F. 

[0390] The Al allele is associated wifli a dual primary anchor motif (or 2 

submotife). For one submotL^T is preferred over Sand Mat position 2. The 
second submotif prefers D over E, A, and S at position 3. Additionally, Y is 
the optimal residue at the C terminus for both submotife, but substituting for 
A, F, or W if both T2 and D3 are present is a viable alternative. 

[0391] In addition, WT peptide candidates for analoging must exhibit at least 

weak binding (ICso of ^OOOnM) to the parent allele (Al or A24), or weakly 
bind at least 3 of 5 alleles (A3 and B7 supertypes). The rationale for this 
reqmranent is that the WT peptide must be present endogenously in sufficient 
quantity to be biologically relevant. 

[0392] Another analog utilized in these studies, unrelated to the primary 

anchor position, involves the substitution of a-amino butyric acid (B) for 
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cysteme (C). Due to its chemical nature, cysteine has the propensity to form 
disulfide bridges and sufficiently alter the peptide structurally so as to reduce 
binding C25>acity. Substituting B for C not only alleviates this problem, but has 
been shown to actually improve binding and crossbinding capability in certain 
instances (Review: Sette, Persistent Viral Infections, Ed. R. Ahmed and L 
Chen, John Wiley & Sons, England). 

Target Cell Lines for HLA-A3 and -B7 Cellular Screening 

[0393] The Epstein-Bair transformed homozygous cell lines EHM (A3+, 

ASHI cell repository, currently inactive) or GM3107 (A3+, B7+; Himiau 
Genetic Mutant Repository) were used as the peptide-loaded target to measure 
activity of HLA-A3-restricted CTL. The JY cell line (B7+, a gift from L. 
Sherman at The Scripps Research Institute) was used as the peptide-loaded 
target cells to measure activity of HLA-B7-restricted CTL. The negative and 
positive tumor target cell Knes used for each antigen were: SW480 (A3-, 
CEA+) (ATCC No. CCL-228) and SW403 (A3+, CEA+) (ATCC No. CCL^ 
230) for CEA; SW480 (A3-, HER2/neu+) and SW403 (A3+, HER2/neu+) for 
HER2/neu; 938mel (A3-, MAGE2/3+) and 624mel (A3+, MAGE2/3+) for 
MAGE2/3; and SW403 (A3+, p53-) and SW403 transfected with p53 (A3+, 
p53+) for p53. The HLA-typed melanoma cell lines (624mel and 938mel) 
were a generous gift fiom Y. Kawakami and S. Rosenberg, National Cancer 
Institute, Bethesda, MD. The tumor cell lines, SW403 and SW480 were 
obtained from the American Type Culture Collection (Manassas, VA). The 
EBV transformed and melanoma cell lines were grown in RPMI-1640 medium 
supplemented with antibiotics, sodium pyruvate, nonessential amino acids and 
10% (v/v) heat inactivated FCS, SW403 and SW480 were grown in DMEM 
with the same additives. The tumor target cells were treated with lOOU/ml 
IFNy (Genzyme) for 48 hours at 37°C prior to use as targets in the ^'Cr release 
and in situ IFNy assays. 
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Primary CTL Induction Cultures 

[0394] Generation of dendritic cells (DC): Monocytes were purified fi-om 

previously fix)zen PBMCs by plating 10 X 10^ cells in 3 ml of complete 
medium (RPMI with 5% heat-inactivated human AB serum, penicillin, 
streptomycin, sodixmi pyruvate and non-essential amino acids) in each well of 
a 6-well plate. After 2 hrs at 37°C, the non-adherent cells were removed and 
three ml of complete medium containing 50 ng^ml of human rGM-CSF and 
l,OOOU/ml of hiraian rIL-4 were then added to each well. On day 6, the non- 
adherent cells were harvested, washed and cultured at 0.3-0.5x10^ cells/ml in 
con:q)lete medium with 75ng/ml TNFa (R&D Systems). 

[0395] On day 8, the DC were collected, washed, and pulsed with 40ng/ml of 

peptide at a cell concentration of l-2xl0^/ml in the presence of 3fig/ml 
p2microglobulin for 4 hours at 20®C. The DC were then irradiated (4,200 
rads), washed 1 time with medium and counted again. 

[0396] Induction of CTL with DC and Peptide: CD8+ T-cells were isolated by 

positive selection with Dynal inmaunomagnetic beads and detachabead reagent 
according to the manufacturer's instructions. Typically 200-250x10^ PBMC 
were processed to obtain 24x10^ CD8+ T cells (enough for a 48-well plate). 
0.25ml of CD8+ T- ceUs (@ 2x10^ cell/ml) were co-cultured with 

[0397] 0.25 ml cytokine-generated DC (@lxl0^ cells/ml) in each well of a 

48-well plate in the presence of 10 ng/ml human rIL-7 (Endogen). Human 
rILlO (Endogen) was added tibie next day at a jSnal concentration of 10 ng/ml 
and human rIL2 was added on day 2 at lOIU/ml. 

[0398] Restimulation of the induction cultures with peptide-pulsed adherent 

cells: Seven and fourteen days after the primary induction, the cells were 
restunulated with irradiated, peptide-pulsed adherent cells. Briefly, adherent 
cells were pulsed with lO^ig/ml of peptide in the presence of 3^g/ml 
P2microglobulin in RPMI/5% human AB serum for 2 hours at 37°C. The 
wells were washed once with RPML Most of the medium was aspirated firom 
the induction cultures (CD8+ cells) and brought to 0.5 ml with fresh medium 
and the cells were transferred to the wells containing the peptide-pulsed 
adherent cells. Human rILlO was added at a final concentration of 10 ng/ml 24 
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hours later and human rIL2 was added after 48 hours and again 2-3 days later 
at SOIU/ml (Tsai, 1998). Seven days after the second restunulation, the 
cultures were assayed for CTL activity in a ^^Cr release assay or in situ IFNy 
EUSA. 

Measurement of CTL lytic activity by ^^Cr release 

[0399] Cytotoxicity was determined in a standard ^^Cr release assay by 

assaying individual wells at a single E:T ratio. Peptide-pulsed targets were 
prepared by incubating the cells with lOp-g/ml peptide overnight at 37°C. 
Adherent target cells were removed firam culture flasks with trypsin-EDTA. 
Target cells were labeled with 200^Ci of ^^Cr sodium chromate (Diq)ont, 
Wihnington, DE) for 1 hour at ST^'C, washed twice, resuspended at 10^ per ml 
and diluted 1:10 with K562 cells (an NK- sensitive erythroblastoma cell line 
used to reduce non-specific lysis) at a concentration of 3.3xlO^/ml. Target 
cells (100 ^1) and lOOjiil of effectors were plated in 96 well round-bottom 
plates and incubated for 5 hours at 3TC, 100 jil of supernatant were collected 
fix)m each well and percent lysis was determine according to the formula: 
[(cpm of the test san^le - cpm of the spontaneous ^^Cr release sample)/(cpm 
of the maximal ^^Cr release sample - cpm of the spontaneous ^^Cr release 
sample)] x 100. Maximum and spontaneous release was determined by 
incubating the labeled targets with 1% Triton X-100 and medium alone, 
respectively. A positive culture was defined as one in which the specific lysis 
(sanq)le - background) was 10% or higher in the case of individual wells and 
was 15% or more at the 2 highest E:T ratios when expanded cultures were 
assayed. 

In situ Measurement of Human IFNy Production 

[0400] In brie( Costar EIA plates were coated with mouse anti-human IFNy 

monoclonal antibody (Pharmingen) overnight at 4^C. The plates were washed 
and blocked for 2 hours, after which the CTLs (lOOjil/well) and targets 
(100^1/well) were added to each well, leaving empty wells for the standards 
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and blanks (which received medium only). For expanded cultures, 1x10^ 
CTL/well were mixed with 1x10^ targets (neg. control) or peptLde-pulsed or 
endogenous targets. All wells were brougiht to 200^1 with medium and 
incubated for 48 hours at 3VC with 5% CO2. 
[0401] Human rlFNy (R&D Systems) was added to flie standard wells starting 

at 400 pg/lOOulAvell and the plate incubated for 2 hours at 3TC, The plates 
were washed and 100|li1 biotinylated mouse anti-himian IFNy monoclonal 
antibody (Pharmingen) were added to each well and the plates incubated for 2 
hours at room temp. After washing again, 100|al/well HRP-streptavidin 
(Zymed) were added and incubated for 1 hour at room temp. The plates were 
then washed 6x with wash buffer, lOOnJ/well TMB developing solution (KPL, 
mixed 1:1) was added and the plates allowed to develop for 5-15 min. The 
reaction was stopped with 50 ^d/well IM H3PO4 and read at OD450. A culture 
was considered positive if it measured at least 50 pg of IFNy/well above 
background and was at least twice the background level of expression. 

CTL Eiqpansion 

[0402] Those cultures ttiat demonstrated activity against peptide-pulsed 

targets and/or tumor targets were expanded over a two week peiiod with anti- 
CD3 antibodies (Wang, 1998; Greenberg, 1991). Briefly, 5x10"* C©8+ cells 
were added to a T25 flask containing the following: 1x10^ irradiated (4,200 
rad) PBMC (autologous or allogeneic) per ml, 2x10^ irradiated (8,000 rad) 
EBV-transformed ceUs per ml, and 0KT3 at 30 ng per ml in RPMI-1640 
containing 10% (v/v) human AB serum, non-essential AA, sodium pyruvate, 
25|jM 2-ME, L-glutamine and penicillin/streptomycin. Human rIL2 was 
added 24 hours later at a final concentration of 200IU/ml and every 3-4 days 
thereafter with firesh medium at 50 lU/ml. The cells were spUt if the 
concentration exceeded IxloVml and the cultures assayed between days 13 
and 15. 

[0403] Alternatively, cultures were expanded by stimulation with peptide- 

pulsed autologous PBMCs in the absence of 0KT3. All other conditions and 
cell numbers remained the same as those described above. 
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RESULTS: 

Scanning for motif-positive peptides 

[0404] As described in the Materials and Methods section, protein sequences 

from the four tumor antigen targets (p53, CEA, Her2/neu, and MAGE2/3) 
were scanned, utilizing a customized program, for 8-, 9-, 10-, and 11-mer 
sequences containing one of four motif types. Specifically, peptides carrying 
motifs of the HLA-A3 supertype, the HLA-B7 supertype, the HLA-A24 motib^ 
and the HLA-Al motif were identified. The specific residues associated with 
each of these motifs or supennotifs are listed in the Materials and Methods 
section. For the HER2/neu antigen, only the intracellular domain was 
examined. 

[04051 A number of naturally occurring, or wildtype (WT) peptides identified 

utilizmg these motife are listed in Tables 6, 9, 10, 16a-d, 17a-d, 18a-d and 19a- 
d. Also presented is the number of analogs that could be synthesized. In 
general, WT peptides carrying suboptimal residues at primary anchor positions 
can be substituted with optimal residues, employing the analog strategies 
described in the Materials and Methods section. To be considered a candidate 
for analogmg, a TAA-derived WT peptide must carry one preferred residue at 
eitiher position 2 or the C terminus. In previous work in the A2 system, 
analogs tested for immunogenicity which had residues substituted at both 
anchor positions were able to induce peptide-specific CTLs in vitro. 
However, those CTLs were able to recognize tumor cell targets only 40% of 
the time as compared to 75% for analogs with a single anchor position 
substitution, and therefore were not pursued in the A3, B7, Al and A24 
systems. For the B7 supennotif-positive peptides, another analog strategy was 
discovered from previous unrelated studies that substituting the position 1 
residue with phenylalanine (F) greatly improved B7 crossbinding capability. 
These analogs are also included in Table 15 and Table 17a-d. However, these 
Fl analogs will not be considered as candidates until this strata has been 
validated. That is, induction of tumor-reactive CTLs must be demonstrated 
with these analogs. 
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[0406] Additionally, Table 15 presents, for each TAA, the number of WT 

peptides and analogs actually synthesized and tested for supertype or primary 
allele binding affinity. As seen, the vast majority of WT peptides have been 
tested for binding affinity. The synthesis and testing of analogs, however, are 
in various stages of completion dependent upon the TAA. Recall that for an 
analog to be a candidate for immunogenicity screening, its WT parent peptide 
must bind at least weakly, ie. IC50 <5000 nM, to 3 of 5 alleles in the supertype, 
or to tiie parent allele in the cases of Al and A24. The numbers presented in 
the analog, motif-positive columns are based solely on analoging potential, or 
the presence of suboptimal residues at anchor positions, and not on measured 
binding. For this reason, many of the analogs listed would not ultimately be 
synthesized. 

[0407] To date, 695 CEA-derived motif positive peptides have been identified 

and 358 of these tested for supertype or primary binding. These include 64 A3 
binding wildtype and analog peptides, 171 B7 peptides, 65 Al peptides and 28 
A24 peptides. Analysis of the intracellular domain of the HER2/neu protein 
...identified 822 motif positive peptides. Of ttiese, 364 (64 A3, 213 B7, 81 Al 
and 47 A24) have been tested to determine their binding affinities. The 
MAGE2 and MAGE3 proteins were considered together and a total of 611 
motif positive pqptides were identified. A subset of these, including 80 A3 
wildtype and analog peptides, 146 B7 peptides, 40 Al peptides and 54 A24 
peptides were tested for primary and/or supertype binding. Lastly, 566 motif 
positive, p53-derived peptides have been identified. The wildtype and analog 
peptides tested to determine their binding affinity included 102 A3-restricted 
peptides, 165 B7-restricted peptides, 19 Al-restricted peptides and 14 A24- 
restricted peptides. The results of the binding assays on these motif positive 
peptides and the subsequent identification of epitopes is the subject of this 
report. 



Analysis of HLA-A3 vaccine candidates 

[0408] CEA: A total of 64 CEA-derived peptides were tested for binding to 

A3 supertype molecules to date. Fourteen CEA-<lerived peptides fix>m 8 
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distinct regions of the protein sequence have been identified. These fourteen 
peptides have a binding afSnity of ^OQnM to A*0301 and/or A*1101, the 
two most predominant alleles, and also crossbind to a total of at least 3 alleles 
of the A3 superfamily (Table 16a). 

[0409] AU fourteen bind HLA-A*1101 with high or intennediate afiBnity. 

Noteworthy is the case of the CEA61 epitope that binds with high afiBnity 
(<5QnM) to all five alleles, is immunogenic and is generated by natural 
processing. High A*1101 binding afSnity has also been observed in 5 WT 
peptides of the remaining six regions: CEA.376, CEA.418, CEA.419, 
CEA.554 and CEA.636. Three of these, CEA.419, CEA.554 and CEA.636, 
bind to an additional three alleles and are also good candidate peptides. 

[0410] Five of the seven regions exhibited suboptimal A*0301 binding for all 

of the WT peptides encompassed. Peptides from three of these regions were 
. analoged in an attempt to improve A3 binding and overall crossbinding 
capacity. The CEA241K10 analog displayed a 26-fold improvement in A3 
binding. This analog was demonstrated to be inmiunogenic in in vitro 
immunogenicity assays, and the resulting CTLs were shown to be cross- 
reactive with target cells pulsed with the wildtype peptide (Figure 1). A 
second analog within the same region, CEA241V2, was associated with 
improved binding to A*0301 and A*1101, and bound 4 of 5 superfemily 
alleles. Therefore, this peptide is also a strong candidate. Significant 
increases weore observed with CEA420V2, which exhibited the most suitable 
binding profile of any peptide derived from that region, which included 3 
different wild-type sequences. Lastly, CEA376V2 and CEA.554V2 showed 
no improvement in binding capacity over their wildtype coimterparts. 

[0411] In conclusion, within the eight distinct regions of CEA identified to 

harbor motif positive peptide candidates, multiple peptides have been 
identified which bind each of the five supertype alleles. Two peptides bind all 
five alleles and another six bind four of the five. A vaccine could be designed 
with one peptide from each region, which would include at least 4 peptides 
specific for each allele of the A3 superfamily. 

[0412] HER2/neu : When motif analysis was performed on the intracellular 

and transmembrane domains of the 1255 amino acid HER2/neu protein 



141 



wo 2004/052917 



PCTAJS2003/038949 



sequence and binding a£Qmty of the motif positive peptides determined, 
candidate peptides from 11 different regions were identified (Table 16b). A 
total of sixteen wild-type peptides and analogs demonstrated binding affinities 
of ^OQnM to at least 3 alleles in the A3 superfamily. Eleven of these bound 
HLA-A*0301 and fifteen bound A*1101, and 10 peptides had a binding 
afiBboity of ^OOnM for both alleles. The HER2/neu.681 epitope was also 
considered here because primary CTL data indicates that this pq)tide was 
immunogenic and has been shown to induce tumor-reactive CTLs. Three 
additional peptides, HER2/neu.754 (Kawashima, 1999), HER2/neu.669 (9- 
mer), and HER2/neu,852 (Kawashima, 1999), bind with an affinity <500nM to 
^4 alleles and are immunogaiic. Five additional WT peptides (HER2/neu.806, 
HER2/neu.846, HER2/neu.889, HER2/neu.972 and HER2/neu.997) also 
demonstrated high and intermediate binding to ^ alleles and therefore are 
candidate peptides. 

[0413] Of the six analog peptides tested, 2 showed improvement as compsa:ed 

to their wildtype peptide counterparts. More specifically, HER2/neu.860V2 
improved bindmg affinity to A*6801, while HER2/neu.889V2 exhibited 
improved binding to HLA-A*0301 and A*6801. 

[0414] For each of. the five supertype alleles, multiple peptides have been 

identified which bound with affinities of SOOnM or less. Two peptides bind all 
five alleles and six additional candidates bind 4 alleles. In total, six of the ten 
regions have peptides that bind > 4 of 5 alleles representing a substantial pool 
of A3 supertype peptides that could be considered for use in a vaccine. 

[0415] MAGE2/3; Motif analysis of the MAGE 2/3 protein sequences (each 

314 anodno acids long) identified 22 peptides firom 9 distinct regions which are 
high or intermediate cross-reactive binders of the A3 superfamily (Table 16c). 
More specifically, sixteen of these bind both A*0301 and A* 11 01. 
MAGB2.73 binds 5 alleles and induced CTL capable of recognizing both 
peptide-pulsed and tumor targets (Epimmune U.S. Patent No. 6,037,135). 
MAGE2.237, MAGE2.277 and MAGE3.189 bind to 3 of the 5 aUeles. 
Interestingly, Reynolds and co-workers (Reynolds et aL, J. Immunol Methods 
244:59-67 (2000) have demonstrated in an ELISPOT assay that MAGE3.189 
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is antigenic (eg. when melanoma patients were given a vaccine comprised of 
supernatant from a melanoma cell line, CTLs could be isolated that recognized 
MAGE3.189-pulsed target cells). 

[0416] It can also be noted that the MAGE2.226 and MAGE3.226 peptides 

are homologous except for a M to V difference at position 2. Since the main 
MHC anchor residues are least likely to influence T cell receptor recognition 
(Zhang, 1992), these peptides are likely to induce overl^ping T cell 
specificity and therefore could be considered variations of tiie same epitopic 
sequence. Of the two, MAGES .226 is preferred at this point because it binds 2 
of the 5 alleles with higher affinity. In particular, this epitope binds HLA- 
A*3301 more than 10-fold better than the K9 analog, which binds all 5 alleles 
but with significantiy lower A*3301 affinity. 

[0417] Additional analogs were generated with improved binding 

characteristics. Specifically, MAGE2.69K9 showed improved cross-reactivity 
in regard to A*0301, A*1101 and A*6801 binding. MAGE2.299V2 
demonstrated improved A*0301 binding and introducing V at position 2 in 
MAGE3.138 significantly improved the A*0301, A*1101 and A*6801 
binding affinities. Substituting K or R at position 9 of the MAGES. 116 
peptide improved oossreactivity to 3 and 5 alleles, respectively. 

[0418] For each of the five siq>ertype alleles, multiple peptides have been 

identified which bound with afSnities of 50QnM or less. Three peptides bound 
all five alleles, one candidate bound 4 alleles and an additional six peptides 
bound 3 alleles. In total, all nine regions have peptides that bound ^ of 5 
alleles. 

[0419] qSS: a total of 17 high and intermediate affinity cross-reactive motif 

positive pq)tides, 7 wildtype and 10 analogs, were identified as a result of 
scanning the 393 amino acid p53 protein sequence (Table 16d). These 
peptides are derived &om 8 different regions of the protein. All seventeen bind 
A*0301 and 16/17 bind A* 1101. Several of tiie wildtype peptides are 
potential candidate pqjtides. The p53.124 peptide binds 3 alleles and provides 
coverage of A*6801. The 8-mer of p53.273 binds 4 out of 5 alleles, including 
A*3101 and A*330L p53.132 and p53.376 bind 3 alleles each but bind only 
A*0301 and A*1101 wiflihigh affinity. 
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[0420] The p53.101, p53.172 and two p53.240 peptides could also represent 

candidates for inclusion in an epitope based vaccine, depending on supertype 
binding results. 

[0421] Six of the eight regions described have had WT peptides analoged. 

Two of these analogs, p53.172B5K10 and p53.240B3K9, demonstrated 
improved binding to one of the two primary alleles (A*0301 or A*1101). 
Additionally, the p53.172B5K10 epitope bound 3 alleles of the A3 
superfamily, is immunogenic and able to induce CTLs that recognize both the 
wildtype sequence and p53 transfected tumor targets (Figure 2). The 
p53.240V2B3 is also a good candidate for inclxxsion in a multi-epitope vaccine 
based on the binding aflBnities observed, pending WT supertype binding 
results. 

[0422] With regard to results generated for the other analogs, p53.156R9 

showed improved binding to A*3301, an allele for which few p53-derived 
wildtype peptides bound. Finally, the p53.101K10 and p53.101V2 peptides are 
similar with respect to binding ajBButiity and allehc coverage but 
immunogenicity has been demonstrated for the KID analog (data not shown) 
making it a stronger candidate than the V2 analog. 

[0423] Siq)ertype crossreactive candidates fiom all eight protein regions have 

been identified and all the candidates described above bind 3 to 4 of the 
supertype alleles. Coverage of all five alleles can be achieved by mcluding 
multiple epitopes in a vaccine. 

Analysis of HLA-B7 vaccmp candidates 

[0424] HLA-B7 supertype peptides are identified by their binding afSnity for 

B*0702, the primary allele of the B7 superfamily, and two or more additional 
alleles. The overall number of B7 cross-reactive candidates is Hmited 
primarily because proline is the only tolerated amino acid at primary anchor 
position 2 while other supertypes (eg. A2 and A3) tolerate several different 
amino acids at their anchor positions (Sidney, 1995; 1996b). This restriction 
also limits the number of analogs that can be generated for a particular 
peptide. 
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[0425] Three regions of the CEA protein sequence are lepresented by 3 

candidate peptides, one wildtype and 2 analogs (with isoleucine substituted at 
the C tenninus), which bind B*0702 and 2-3 additional alleles with an aflBnity 
<500nM (Table 17a). 

[0426] Three wildtype peptides derived fiom 3 regions encoded within the 

intracellular domain of H£R2/neu have also been identified (Table 17b). 
Substituting I for A at position 8 of the HER2/neu.921 peptide increases the 
binding afifinities for B*0702 and B*5101 and therefore the analog would be 
considered a preferred candidate of that region. The 4 candidate peptides listed 
in Table 17b bound 3 to 4 alleles of the B7 supertype with an affinity <500nM. 

[0427] Motif analysis of the MAGE2 and MAGE3 protein sequences yielded 

a number of candidates from four discrete regions of these antigens which 
bind to a alleles of the B7 superfamily with an affinity <500nM (Table 17c). 
MAGE2.170 binds to 4 alleles of the siq)erfamily and is capable of mducing 
peptide reactive CTLs in vitro. Three analogs (MAGE3.71I9, MAGE3.77I8 
and MAGE3.196I10) exhibit increased crossreactivity and Class I binding 
affinity. 

[0428] Another &ctor to be considered in the selection of vaccine candidates 

is the potOTtial relevance of usmg nested peptides. The MAGE3.196 peptides 
can be used to illustrate this point. The 10-mer, while not' cross-reactive, has 
high binding affinity for B*S401. It also has the advantage of containing the 
8- and 9-mer peptides within its sequence. la theory, the 10-mer would 
undergo trimming in the endoplasmic reticulum to the 8-mer and/or the 9-mer 
peptide (Paz, 1999), each of which binds other common alleles in the B7 
superfamily. In addition, Reynolds et al. (submitted 1999), demonstrated 
antigenicity for the 9-mer wildtype peptide. 

[0429] Lastiy, two p53-derived peptides have been identified, p53.76 and 

p53.84 (Table 17d). The p53.76 11-mer bound 3 alleles with higher affinity 
than the 9-mer. While the p53.84 wildtype peptide bound with only 
intermediate aflBnity, this candidate would be an improved candidate than the 
coirespondmg analog because of higher binding affinities for B*5301 and 
B*5401. 
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[0430] In summary, toee CEA-derived peptides firom 3 distinct regions, 4 

Hei2/neu peptides fiom 3 regions, and 4 pS3 peptides fiom two regions, all 
with binding afGnities <S00nM and crossreactive for at least 3 supertype 
alleles, have been identified. An additional 10 MAGE2/3-derived high and 
intermediate affinity peptides from 4 regions were also identified. 

Analysis of HLA-Al vaccine candidates 

[0431] CEA: Six high and intermediate binding CEA wildtype peptides 

fi-om 6 regions of the 702 amino acid protein sequence have been identified 
(Table 18a). Results with other supertype alleles (eg. A2 and A3) indicate that 
pq)tides with an IC50 ^lOOnM for the predominant allele of the superfamily 
also bound with high or intermediate affinity to the other alleles of the 
superfainily. Therefore, until binding assays are developed for the other allel^^ 
of the Al superfamily, it is reasonable to en^loy the stricter lOOnM cut-off for 
the identification of HLA-Al -restricted, potentially degenerate binding 
peptides. Accordingly, four WT peptides are potential candidates based on a 
binding affinity of £lOOnM to A*0101. These are CEA.225, CEA.403, 
CEA.581,andCEA.616. 

[0432] CEA.616 and peptides fix>m 4 additional regions were analoged at 

primary anchor positions, for 1 of the 2 submotifs, to improve coverage of this 
allele. The bmding cut-ojff of the wildtype peptides to be analoged was 
SOOQnM to ensure expression of the tmnor antigen-derived peptide on the 
tumor cell and the cut-ofif for the analog candidates was again ^lOOnM. 
Employing these criteria, an additional 5 analog peptides have been identified 
as candidates. The CEA.289D3, CEA.418D3, CEA.419D3, CEA.467D3, and 
CEA.616D3 peptides all demonstrate an HLA-A*0101 binding affinity 
^lOOnM, 

[0433] A total of 4 wildtype and 5 analog peptides derived fix)m 7 distmct 

regions and with binding affinities <10QnM have been identified as 
candidates. 
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[0434] HERl/neii! The Hei2/neu protein sequence was scanned to identify 

HLA-Al motif positive peptides and ttie binding aflSnity of those peptides for 
HLA-A*0101 was determined. Wildtype pq)tides fix)m 6 distinct regions were 
identified and 4 of these bind HLA-A*0101 with an afifinity :SlOQnM (Table 
18b). These are HER2/neu.826, HER2/neu.869, HER2/neu.899, and 
HER2/neu.l213. 

[0435] All of the wildtype peptides were analoged at primary anchor positions 

to improve coverage of this antigen. Eleven analogs, representing a total of 9 
regions, were identified as potential candidates based on a binding affinity 
<100nM to HLA-A*0I01. Of these, eight demonstrate significantly improved 
binding affinity. These are HER2/neu.773D3, HER2/neu.826T2, 
HER2/neu.996D3, HER2/neu.997T2, HER2/neu.l014T2, HER2/neu. 113103, 
HER2/neu.l213T2, HER2/neu.l239D3. 

[0436] In summary, sixteen wildtype and analog peptides representing 9 

different protein regions meet the criteria for a vaccine candidate. That is, 
they bound to the primary allele of the Al superfamily, HLA-A*0101 with an 
a£5mty of lOOnM or less. 

[0437] MAGE2/3; Five HLA-Al motif positive peptides with binding 

afBnities ^lOOnM have been identified and are listed in Table 18c. These five 
wildtype peptides (MAGE3.246, MAGE2.247, MAGE3.68, MAGE3.166, and 
MAGE3.168) are from four non-overlapping regions of the two proteins. 
Additionally, Tuting et al (1998) demonstrated induction of MAGE3.168- 
specific CTLs as well as endogenous recognition of tumor targets e3q)ressing 
the epitope. Additionally, in clinical trials, tumor regression was observed in 
melanoma patients vaccinated with peptide-pulsed DC (Nestle et al, 1998) or 
the peptide alone (Marchand, 1999). 

[0438] Eight wildtype peptides with a binding afifinity between 501 and 

SOOOnM were analoged at primary anchor positions (Table 18c). Ten analogs, 
representative of 8 distinct regions, were identified as potential candidates. 
These are MAGE2.68D3, MAGE2.179D3, the T2 analogs of 
MAGE2,246/247, MAGE3 .68D3, MAGE3.69T2, MAGE3. 137T2, 
MAGE3.168T2, MAGE3.246D3 and MAGE3.293T2. Taken togetiier, there 
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are IS peptides derived &om 8 distinct regions of the MAGE2 and MAGES 
pioteins. 

[0439] p53: Four HLA-Al motif positive wildtype peptides from 2 non- 

overlapping regions of the proteins were identified (Table 18d). These are 
p53.117, p53.225 (10-mer), p53.226 (9-mer) and p53.226 (11-mer), all of 
which bound HLA-A'^'OlOl ^IOQdM. These are derived firom 2 of the 4 
regions shown in Table 18d. 

[0440] Four wildtype peptides with an HLA-A*0101 binding aflBnity 

<5000nM were analoged at primary anchor positions to improve coverage of 
this antigen (Table 18d). Four analogs, representing four distinct regions, were 
identified as potential candidates with an HLA-A*010r binding affinity 
<100nM. Two of these, the T2 substitution in p53.98 and the D3 substitution 
in p53.196, improved binding affinity more than 24-fold. 

[0441] Binding analysis of the p53 wildtype and analog motif positive 

peptides has led to the identification of 8 candidates firom four protdn regions. 

Analysis of HLA-A24 vaccine candidates 

[0442] CEA: Twenty-one high and intermediate affinity HLA-A24 motif 

positive peptides, corresponding to 16 distinct regions of the CEA protein 
were identified (Table 19a). Only those peptides that bind with an affinity 
:^10QnM were considered to be potential degenerate binders and therefore 
vaccine candidates. Using this criterion, nine CEA wildtype peptides from 9 
non-redundant regions have been identified as potential candidate peptides. In 
addition, Nukaya et al (1999) demonstrated that CEA.268 induced CTLs in 
normal donors that recognized peptide-pulsed targets and HLA matched tumor 
targets. Kim et al (1998) obtained the same results with CEA.652. Both of 
these peptides are high aflBnity (<100iM) binders, fiirther confirming the 
selection of vaccine candidates on the basis of their binding aflBnity. 

[0443] Wildtype peptides firom 10 regions were analoged at primary anchor 

residues to improve coverage of this allele (Table 19a). The binding cut-off 
for the wildtype peptides to be analoged was SOOQnM to msure expression of 



148 



wo 2004/052917 



PCT/US2003/038949 



the tumor antigen-derived peptide on the tumor cell and the cut-oflF for flie 
analog candidates was again ^lOOnM. Enq)loying these criteria, eight 
additional peptides have been identified as candidates. Six of these analogs 
d^onstrated binding afiSnities similar to their wildtype countetparts, while 2 
analogs significantly improved binding to the HLA-A*2402 allele. These are 
CEA.446F10 and CEA.604F10. 

[0444] Nine wildtype and eight analog peptides fi'om 11 regions have been 

identified, providing an opportunity for wide coverage of this antigen. 

[0445] HERl/aen; Seven wildtype peptides derived from 3 regions of the 

intracellular domain of HER2/neu were identified as HLA-A*2402 binders of 
high or intermediate affinity (Table 19b). Four of the seven peptides bound 
HLA-A*2402 <10QnM. These are HER2/neu.780, HER2/neu.907 and the 9- 
and 11-mers of HER2/neu.951. 

[0446] . Five wildtype peptides, with A*2402 binding affinities <5000nM, were 
analoged at primary anchor positions to improve coverage of both this allele 
and tumor antigen. Four analogs were identified as potential vaccine 
candidates: HER2/neu.780F9, HER2/neu.907F9, HER2/neu.951F9 and 
HER2/neu.968Y2. The HER2/neu.968Y2 analog demonstrated the most 
significant increase (>1 8-fold) in binding affinity. 

[0447] Eight peptides, 4 WT and 4 analogs, derived fiom 4 distinct regions of 

the intracellular domain of the HER2/neu protein have been identified as 
potential vaccine candidates. 

[0448] MAGE2/3: Fifteen high and intermediate affinity HLA-A24 motif 

positive peptides, from 11 non-overlapping regions of these proteins, were 
identified (Table 19c). Eight of the 15 bound HLA-A*2402 <100nM and 
represent 7 different regions of these proteins. Additionally, induction of CTLs 
and tumor target recognition were demonstrated for MAGE2.156 (Tahara, 
1999) andMAGE3.195 (Tanaka, 1997). 

[0449] Seven of the wildtype peptides were analoged at primary anchor 

residues to improve coverage of these antigens (Table 19c). Seven analogs, 
each representing a distinct region, were identified as potential candidate 
peptides, and three of these (MAGB2.97Y2, MAGE2.175F10 and 
MAGE3.175F10) demonstrated significantly higher binding affinity than the 
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coiresponding WT peptides. Overall, there are 15 wUdtype and analog 
peptides that are derived fiom a total of 10 regions of the MAGE2 and 
MAGES proteins, Additioxially, 2 of these peptides have been confirmed to 
induce peptide and tumor reactive CTLs by outside investigators. 

[04501 d53: Five HLA-A24 motif positive peptides from 3 distinct regions 

have been identified (Table 19d). Two of these 5 bind HLA-A*0101 <100nM. 
These arep53.102 (10-mer) andp53.125. 

[0451] When the 10-mer of p53.102 was analoged at the C-terminus, a 3-fold 

improvement in binding aflSnity was observed. Analoging of p53.106 did 
increase the binding aflBnity 5-fold, but not to the imposed threshold of 
<100nM. Overall, there are 3 p53-derived peptides (2 wildtype and 1 analog), 
representing two regions that are potential candidate peptides for a vaccine. 

Binding to the primary HLA-A3 and B7 superfamily alleles is predictive of 
degenerate bindiag by TAA-derived pq)tides 

[0452] Extensive analysis of infectious disease peptides demonstrated that a 

binding afiBnity ^lOOnM to ttie primary allele of a supertype was highly 
predictive of the degeneracy of a peptide. In other words, a majority of 
peptides meeting this criterion bound at lea^ 2 other alleles of that 
si^erfamily with an afiBnity <500nM (Bertoni, 1997; Doolan, 1997; Threlkeld, 
1997). Based on this analysis, it is recommended tiiat the lOQnM binding cut- 
ofif be used to select HLA-A*0101 and HLA-A*2402 peptide candidates in the 
abseiice of binding assays for the other supertype alleles. However, a 
significant number of HLA-A3 restricted TAA peptides were identified for the 
studies described here and supertype binding performed. This information 
was analyzed to determine if primary binding of ^lOOnM was predictive of 
supertype crossreactivity in the case of TAA-derived peptides. A total of 23 
wildtype peptide (from Tables 16a-d) bound HLA-A*0301 or HLA-A*1101 
with an affinity <100iiM. Twenty-two of these (96%) bound ^ alleles with 
an afEinity of !g50QnM. Eighteen of the 23 (78%) were cross-reactive when 
ttie more string^t cut-off of 200nM was applied. 
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[0453] Additionally, six peptides were tested for immunogenicity in 3-4 

donors. When this data is taken into account for those peptides that bind at 
^lOOnM to the primary allele and at <20()nM to at least 2 additional siqpertype 
alleles, 6/6 (CEA.241.KIO, CEA.61, CEA.61, HER2/nev.681, HER/nev.754, 
and p53.172.B5KIO) (100%) are immunogenic and 4/6 (CEA.61, 
HER2/nev.681, HHEl/nev.754, and p53.172.B5KIO) (67%) induce tumor- 
reactive CTLs. These results are similar to those observed with TAA-derived 
HLA-A2-specific peptides. Keogh, et al J Immunol 167(2):787-96 (2001). 

[0454] The analog peptides were analyzed in the same way. Thirty-nine 

analogs with either HLA-A*0301 or A*1101 binding affinity <100nM were 
identified firom Tables 4a-d. All 39 (100%) were demonstrated to be cross- 
reactive with at least 2 additional supertype alleles with an affinity <500nM. 
Applying a binding cut-oflF of 200nM for supertype cross-reactivity, 27/39 
(69%) of the analog pq)tides were degenerate binders. 

[0455] The same analysis was performed with llie HLA-B7-restricted peptides 

(derived from Tables 17a-d) although the sample size was much smaller than 
that for A3. Five wildtype peptides and 5 analogs were identified to have 
binding affinities ^lOOnM. All 10 (100%) were also cross-reactive with at 
least 2 other alleles of the B7 siq)erfamily. When the binding affinity cut-ofiT 
for cross-reactivity was set at 20QnM or less, 2 out of 5 (40%) peptides were 
cross-reactive in the case of both wildtype and analog peptides. While this is 
lower flian the 78% observed for A3, this is likely to be due to the small 
number of peptides available for analysis. 

Selection of HLA-A3, -B7, -Al and -A24 candidate peptides for 
immimotherapy 

Criteria for selection of vaccine candidates 

[0456] Desirable criteria for the inclusion of an epitope in an 

inmnmotherapeutic cancer vaccine are that the epitope bind to three or more 
alleles of a given superfamily with an affinity <500nM and that such an 
epitope induces a specific CTL response recognizing target tumor cells. An 
analysis of Epimmune's accumulated database and the results firom primary 
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immunogenicity screening of A2 supertype cancer antigen-derived epitopes in 
particular provided several important findings. First, a binding affinity of 
<500nM is higjbJy predictive of inmunogenicity. However, peptides fliat bind 
with affinities of 201-500nM did not induce tumor-reactive CTLs. 
Additionally, it was demonstrated that when a more strict bmding affinity cut- 
off of ^OQnM was applied to wildtype peptides, 76% of the TAA peptides 
induced CTLs that recognize the endogenously processed and presented 
epitope. In the course of the same set of experiments, analogs which bound 
with an IC50 of 200nM or less, and for which primary immunogenicity 
(recognition of wildtype peptide-pulsed targets) could be demonstrated, were 
studied. These analogs induced CTLs capable of recognizing tumor cell 
targets and/or wildtype peptides in at least 75% of the cases. It was concluded 
from this analysis that binding affinity was highly predictive of 
immunogenicity and tbat a binding affinity of 200nM was indicative of a 
peptides ability to induce tumor reactive CTLs. Therefore, utilizing a binding 
cut-off of ^OQnM to select the HLA-A3 and -B7 peptide candidates described 
herein increases the likelihood of idratifying epitopes and reduces the number 
of pq)tides to be screened in vitro. 

[0457] Currently, supertype binding assays are unavailable for A'^'OlOl and 

A*2402. However, work done with HCV and HBV peptides by researchers at 
Epimmune as well as studies performed by Doolan (1997) and Threlked 
(1997) witii malaria and HIV-derived peptides, respectively, demonstrated that 
peptides with a binding affinity <10QnM were often degenerate binders. 
Therefore, Al and A24 candidate peptides were selected on the basis of a 
stringent (^lOOnM) binding affinity to the primary allele of the Al and A24 
superfamihes. These selection criteria should ensure that these peptides are 
not only likely to be cross-reactive, but also immunogenic. 

[0458] Another factor we wished to consider in the selection of HLA-A3 and - 

B7-restricted candidates was to allow for a combination of both wild-type 
peptides and analogs. Using a wildtype peptide increases the likelihood that 
the peptide is endogenously processed and presented. However, analogs may 
play an important role, particularly in the case of tumor antigens, because they 
could more easily overcome T cell tolerance and allow generation of a more 



152 



wo 2004/052917 



PCT/US2003/038949 



multi-specific response. Furfheimore, it would be predicted that a more 
vigorous CTL response can be induced by analoging at primary anchor 
positions of a peptide to increase binding afSnity. In the case of HLA-Al and 
HLA-A24-restricted peptides, wildtype peptides may be relatively prefenred 
over analogs until assays are available to determine cross-reactive binding of 
the parent wildtype peptide. However, analogs should still be considered to 
provide the greatest coverage of each allele and tumor antigen. 
[0459] To smnmartze, candidate peptides are selected on the basis of a 

binding affinity <200nM and crossreactive binding >3 alleles of the HLA-A3 
or -B7 superfamilies, or a binding affinity <100nM for HLA-Al and -A24 and 
primary immunogenicity and/or endogenous recognition for analogs. 

HLA-A3 cross-reactive vaccine candidates 

[0460] Using a bmding affinity threshold of 200nM or less for each allele to 

define supertype cross-reactivity and considering in vitro immunogenicity data 
where available, six to eight potential vaccine candidates have been identified 
for each antigen (Table 20). 

[0461] CEA; When multiple peptides from a single region met the Tninimiini 

criteria, the peptide that bound the greatest number of alleles was the preferred 
candidate. CEA.636, CEA.656, CEA376, CEA.554, and CEA.420V2 were 
the most highly cross-reactive of the peptides Scorn each of those regions. 
Lastiy, CEA61 and CEA241K10 were selected on the basis of their 
demonstrated ability to induce CTLs in vitro Hhat recognize endogenous 
targets (CEA61) or the wildtype peptide (CEA.241K10). The V2 analog of 
the CEA.241 peptide is a back-up candidate because it meets the mininiiiTn 
criteria but immunogenicity has not yet been demonstrated. When considered 
as a group, four to seven of the different CEA-derived peptides bind each of 
the alleles of the A3 superfamily, providing broad population coverage of this 
antigen. 

[0462] HER2/neu; For HER2/neu, 8 peptide candidates were identified fix)m 

the transmembrane or intracellular domain of the protem. There are six 
candidates that met the criterion of cross-reactive binding to 3 or more alleles 
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described in the previous section. Five of these are wildtype peptides and one 
is an analog. HER2/neu.669, HER2/neu.852, HER2/neiL860V2, 
HER2/neu.889, HER2/neu.972 and HER2/neu.997 bound to >3 alleles with an 
afSnity <20QnM and are therefore considered to be vaccine candidates 
representative of 6 distinct protein regions. HER2Aieu.669 and HER2/neu.852 
were also cq)able of inducing a CTL response in normal donors. It should be 
noted that HER2/neu.889 does not meet the binding criteria for either A*0301 
or A*1101 but is included to increase coverage of A*3101, A*3301 and 
A*6801. Two additional wildtype peptides, HER2/neu.681 and 
HER2/neu.754, that are cross-reactive with 2 alleles and are also included 
because of available data demonstrating not only immimogerdcity but also 
tumor target recognition by the CTLs induced (Kawashima, 1999). Three to 
eight of the candidate peptides within this group bound to each of the 5 alleles. 

[0463] MAGE2/3; Six candidate peptides were identified for MAGE2/3 (four 

MAGE2 and two MAGE3), consisting of 3 wildtype and 3 analog peptides. 
Each allele within the supertype is covered by at least 2 peptides within this 
group. One of them, the MAGE2.73 peptide has been shown to be 
immunogenic and induce tumor reactive CTLs. 

[0464] p53: Motif analysis of the p53 protein, detemunation of binding 

affinity, and analoging led to the identification of 6 non-redundant candidates. 
A somewhat greater firaction of candidates is represented by analogs in this 
case, probably reflective of the relatively small size of the pS3 protein. All six 
peptides (2 wildtype and 4 analogs) bound the A'^0301 allele, five bound 
A*1101 and A*3101, two bound A*3301 and three bound A*6801. 
Iimnunogenicity has akeady been demonstrated for two of the analogs, 
p53.101K10 and p53.172B5K10. Additionally it was demonstrated that 
p53.172B5K10-specific CTLs were able to lyse wildtype-peptide coated 
targets and p53 transfected tumor targets. 

[0465] Summarizing, there are seven non-redundant CEA-derived peptides (5 

wildtype and 2 analogs), 8 HER2/neu-derived pq)tides (including one analog), 
6 peptides each fi"om MAGE2/3 (3 wild-type and 3 analogs) and p53 which is 
represented by 2 wild-type pq)tides and 4 analogs.. 
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HLA-B7 vaccine candidates 

[0466] Using a binding affinity threshold of 200nM or less for each allele to 

dejSne supertype cross-reactivity, one to three potential candidate peptides 
have been identified for each antigen (Table 21). One CEA-derived wildtype 
peptide binds 4 alleles, one" HER2/neu-derived wildtype peptide binds four 
alleles, and one wildtype p53 peptide binds 3 alleles. One wildtype and 2 
analog pqptides were identified firom MAGE2/3 that bind 3-4 alleles. 
MAGE3.196I10 is also included as a candidate (despite the fact that it did not 
meet the binding criteria for B*0702) because it provides coverage of B*5 101, 
B*5301 and B*5401. Alfliough, ahnost all the HLA-B7-restricted peptides 
have been assayed for binding, this allele remains underrepresented in the 
number of vaccine candidates identified. 

HLA-Al vaccine candidates 

[0467] The selection of HLA-A*0101 wildtype vaccine candidates was based 

on a binding afOnity ^lOOnM. In the case of analog candidates the same 
binding criteria was applied and, in addition^ the parent (wildtype) peptide had 
tobind<SOOQnM. 

[0468] CEA: When these criteria were applied to the peptides listed in Tables 

6a-d, the choice of HLA-A*0101 restricted vaccine candidates was 
straightforward. They include seven non-overlapping CEA peptides (Table 
22). Of these, 4 are wildtype peptides and 3 are analog peptides. CEA.418D3 
was selected as the candidate icom the group of candidates around that protein 
position because the aflSnity of the wildtype peptide was <500nM. In the case 
of CEA,616, the wildtype peptide is the preferred candidate because the 
analog provides only a marginal (less than 2-fold) increase in blading affinity. 

[0469] TTF.T^l/neu: Four wildtype candidates and 5 analogs derived firom 

HER2/neu met the criteria for the selection of candidate peptides (Table 22). 
Wherever possible the wildtype peptide was the preferred candidate (eg. 
HEEl2/neu.826.T2, HER2/neu.869, HBR2/neu.899 and HER2/neu.l213). In 
the case of the analog peptides, the S chosen were clearly associated with 
improved binding afiBnities. HER2/neu.997T2 was preferred over 
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HER2/neu,996D3 because the higher afSnity of the 9-mer wildtype peptide 
makes it more likely to be presented by the MHC class I molecules and 
recognized by HER2/neu.996-specific CTLs. 

[0470] MAGE2/3: Table 22 also lists the eight Al-restricted selected 

epitopes (four wildtype candidates and 4 analogs) derived fiom MAGE2 and 
MAGE3 that met the caiteria for the selection of candidates. Once again, 
wherever possible the wildtype peptide was the preferred candidate (eg. 
MAGE2.247, MAGE3.246, MAGE3.68 and MAGE3,168). MAGE3.168 has 
also been previously demonstrated to be an q)itope (Tuting, 1998). In the case 
of the analog peptides, the four chosen are clearly associated with improved 
binding affinity (<100nM). 

[0471] p53: Finally, a total of four p53«derived peptides have been selected, 

each representing a discrete region of the protein (Table 22). p53.117 and 
p53.226 both have a binding afSnity <100nM and were therefore chosen as 
the wildtype candidate peptides. In the case of p53.98T2 and p53.196D3 an 
approximately 25 to 50-fold increase in binding affinity over their wildtype 
counterparts was demonstrated. Correspondingly, these analogs were also 
selected as candidates. 

HLA-A24 vaccine candidates 

[0472] As was described above for HLA-Al epitopes, the selection of HLA- 

A*2402 wildtype vaccine candidates was abased on binding ^lOOnM and 
immunogenicity data generated at Epimmune or described in the literature. 
Analog candidates had to both biad <10QnM and be associated with a wildtype 
peptide that binds :S500QnM. When a wildtype peptide and corresponding 
analog both bound <100nM, the wildtype was the preferred choice. 

[0473] When these criteria were sppMed to the peptides listed in Tables 7a-d, 

the HLA-A*2401 restricted vaccine candidate peptides listed in Table 11 were 
obtained. These included eleven non-overlapping CEA peptides. Of these, 9 
are wildtype peptides and 2 are analog peptides. 

[0474] Similarly, three wildtype candidates and 1 analog derived from 

Her2/neu met the criteria for the selection of candidate peptides (Table 23). 
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As Stated above, the wildtype peptide was the preferred candidate (eg. 
HER2/neu.780, HER2/neu.907 and HER2/neiL951 (ll-mer)). In the case of 
the analog selected, HER2/neiL968Y2, binding afiSnity was significantly 
inq)roved as compared to the wildtype parent counterpart. 

[0475] Seven wildtype candidate peptides and 3 analog peptides derived fiiom 

MAGE2 and MAGES were identified (Table 23), It can be noted that, flie 3 
analog peptides chosen (MAGE2.97Y2, MAGE2.175F10 and 
MAGES. 17SF10) were all associated with binding afOnity increased more 
than approximately 15-fold. 

[0476] Lastly, two p53-derived peptides have also been selected, each 

representing a discrete region of the protein (Table 23). p53.102 and p53.125 
both have a binding affinity <1 GOnM. . 

[0477] By applying the criterion of a lOOnM cut-oflF to identify HLA-A24- 

. ^- restricted peptides, a number of candidates have been identified for each 
antigeii. The CEA candidate list includes 9 wildtype and 2 analog pq)tides. 
One analog and 3 wildtype peptides derived from tiie transmembrane and/or 
intracellular domain of HER2/neu have been identified. A total of 10 
MAGE2/S-derived peptides (7 wildtype and 3 analogs) and 2 wildtype p53- 
derived peptides were identified. 

DISCUSSION: 

[0478] These studies describe the selection of candidates for a therapeutic 

vaccine utilizing peptides carrying motifs representative of the A3, B7, Al and 
A24 superfamilies. In the A3 and B7 supertypes, candidate selection is based 
on cross-reactive binding affinity. For HLA-Al and -A24, selection is based 
solely on binding to A*0101 and A*2402, respectively. 

[0479] Analoging strategies for HLA-A3, -B7, -Al and -A24-restricted 

peptides were also described. Sidney, et al (2001) (supra). Briefly, the 
Epimmune analog strategy was first documented for HLA-A2-restricted 
peptides, Riq)perl; et al. PNAS 90(7):2671-75 (1993), also. Grey, et al Clin. 
Exp. Bheimatol Suppl 8:S47-S0 (1993), and researchers at Epimmune (EPI- 
45-99) demonstrated that substituting preferred amino acids for sub-optimal 
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residues at primary anchor positions increased binding to the S predominant 
alleles of the A2 siq>erfamily. Enhanced immunogenicity of analogs was 
demonstrated both in mice (Sarobe, 1998) and patients (Rosenberg, 1998). 
Tumor cell recognition was also observed, indicating tiiat these peptide 
modifications do not affect the ability of the analog-specific CTL to recognize 
the endogenously expressed peptide. For A3 supertype molecules, T or V 
were determined to be optimal at position 2 and K or R optimal at the C- 
temiinus to utilize as substitution residues with the greatest potential for 
improved crossbinding capacity. For B7 supertype alleles, proline is required 
at position 2. Although each molecule of the B7 superfamily prefers a 
different residue at the C-terminus (L, Y, I, W or A), isoleucme is the optimal 
C-terminal substitution residue to improve B7 superfamily crossbinding. 
Optimal residues for HLA-Al-restricted peptides are T at position 2, D at 
position 3, and Y at the C-terminus. Lastly, Y at position 2 and F at the C- 
terminus are recommended for the A24 allele. These strategies were 
implemented to idacitify additional biuders to supplement population cov^ge 
for the CEA, HER2/neu, MAGE2/3 and p53 antigens. 
[0480] Using cross-reactive binding affinities :S20QnM for A3 and B7- 

restricted peptides, binding aflSnities <10QnM for Al and A24-restricted 
peptides, and primary immunogenicity and tumor recognition when that data 
was available, a total of 88 wildtype and analog peptides were selected as 
candidates for a thenrpeutic vaccine (Table 24). There are 6-8 A3-restricted 
candidates for each of the foux tumor antigens. In the B7 supertype arena, 
only 1-3 candidates were identified for each TAA. This is due in part to the 
requirement that proline be present at primary anchor position 2, which is 
severely limiting by the number of tolerated residues alone. Couple this with 
the fact that B7 peptides bind on average three-fold less well that other 
supertypes, roughly 10% of motif-positive peptides, the low number of 
identified TAA-derived B7 candidates is expected. However, including Al 
and A24-resticted peptides in a non-A2 vaccine would increase coverage of 
black, Hispanic, and Asian populations and compensate for the paucity of B7 
candidate peptides. Four to nine Al-restricted peptides and two to eleven 
A24-restricted peptides binding ^lOOnM were identified for each antigen. 
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Overall, there are 26 CEA, 22 Her2/neu, 27 MAGE2/3 and 13 p53 potential 
candidates. 

[0481] Analysis of A2 peptides that were able to mduce both peptide and 

tumor reactive CTLs led to the observation that when a binding cut-off of 
<20QnM and supertype crossreactivity >3 alleles was employed, 76% of the 
wildtype peptides and 50% of flie analogs induced tumor reactive CTLs. 
When primary immunogenicity data (wildtype recognition) was included, 81% 
of wildtype peptides and 75% of analogs were identified as tumor epitopes. 
When a 200nM cut-oflf was used to define cross-reactivity to the A3 
superfamily alleles, 78% of wildtype peptides and 69% of analogs that bound 
A*0301 or A*1101 with an IC50 ^lOOnM were degenerate binders. A subset 
of A3, B7, Al and A24 peptides described herein were tested for 
immunogenicity and tumor cell reactivity. When binding and cross-reactivity, 
as previously described for A2 peptides, were considered, 12/13 (92%) induce 
CTLs that recognize the wildtype pq)tide and 8/11 (72%) induce CTLs that 
recognize the endogenously processed peptide confirming the correlation 
between binding affinity and immunogenicity. 

[0482] Assays have been established and validated to measure the capacityof 

a peptide to bind the 5 most predommant alleles of the A3 and B7 
superfamilies, and subsequently select the cross-reactive (degenerate) 
candidate peptides. Supertypes for Al and A24 have been proposed, but 
binding assays are currently available only for the primary alleles of those 
superfamilies, A*0101 and A*2402. Analysis of infectious disease-derived 
peptides indicates that binding affinity <100nM is predictive of degenerate 
binding (<500nM) to at least 2 other alleles of the superfamily. The same 
analysis of the A3 and B7 TAA-derived peptides described in this example 
validates this finding. Of 28 wildtype peptides with a binding aflBnity 
^lOQnM for A*0301/A*1101 or B*0702, 27 (96%) bound 2 or more 
additional alleles with an affinity ^OOnM. This finding mdicates that TAA- 
derived peptides behave in a similar &shion to infectious disease-derived 
peptides and that a binding affinity of lOQnM or less for the primary allele of 
tfie stq)erfemily is highly predictive of cross-reactivity. 
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[0483] In conclusion, this example describes the identification of peptide 

candidates derived fiom 4 TAA and covering multiple alleles. These 
candidates include both wildtype peptides and fixed anchor analogs which are 
either immunogenic or have a. binding affinity predicted to be conducive to 
immunogenicity. 

[0484] It is understood that the examples and embodiments described herein 

are for illustrative purposes only and that various modifications or changes in 
li^t thereof will be suggested to persons skilled in the art and are to be 
included within the spirit and purview of this application and scope of the 
£q)pended claims. All publications, patents, patent applications and sequence 
listings cited herein are hereby incorporated by reference in their entirety for 
all purposes. 
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Table 1 . Overview of cuirent cancer vaccine approaches. 



APPROACH 


DESCRIPTION 


ISSUES 


STRENGTHS 


Whole Cell 
Vaccines 


Involve the administration of 
whole cancer cells with 
adjuvants which serve to 
potentiate the inmnme response 


• Often difBcult to 
obtain tumor cells 

• Patient variabiUty 

• Single patient product 

• Has relatively low 
concentration of 
relevant TAA 
epitopes 


• Likely to have 
novel TAA 


Cell Lysate 
Vaccines 


Consist of lysed allogeneic 
cancer cell membrane particles 
that are ingested by macrophages 
and presented as tumor antigens 
to effector cells 


• Often difficult to 
obtain tumor cells 

• Patient variabihty 

• Single patient product 

• Has relatively low 
concentration of 
relevant TAA 
epitopes 


• Likely to have 
novel TAA 

• 


Idiotypic 
Vaccines 


Contain proteins derived fiom 
individual patient tumors or jGrom 
specific tumor types 


• Often difficult to 
obtain tumor cells 

• Patient variability 

• Single patient product 

• Has relatively low 
concentration of 
relevant TAA 
epitopes 


• Specific TAA'.. 
• 


Whole 

Antigen 
Vaccines 




• Limited disease 
coverage 

• Diincult to breaic 
tolerance 


Complex 
"natural" 
immune 
responses may 
be elicited 

• Relatively 
easy single 
compound 

manufacture 
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APPROACH 


DESCRIPTION 


ISSUES J 


STRENGTHS 


Viral 
oncolysate 
vaccines 


Consist of vaccinia virus 
infected cancer cell, lysed to 
form membrane segments 
expressing both vaccinia and 
cancer cell antigens 


• Often difficult to 
obtain tumor cells 

• Not always possible 
to infect cancer cells 

• Patient specific 
treatment 

• Has relatively low 
concentration of 
relevant TAA 
epitopes 


• 


Shed antigen 
vaccines 


Similar to whole cell and lysate 
vaccines but are partially 
purified 


• Difficult to purify 
antigens 

• Patient specific 
treatment 

• Has relatively low 

concentration of 
relevant TAA 
epitopes 


• Likely to have 
novel TAA 

• 


Genetically 
modified 
tumor cell 
vaccines 


A number of avenues are being 
explored including the 
transduction of cells with GM- 
CSF 


• Very difficult to 
obtain tumor tissues 
and grow to allow 
stable transduction 

• Patient specific 
treatment 


• Cells contain 
novel TAA 
and adjuvants 

• 
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APPROACH 


DESCRIPTION 


ISSUES 


STRENGTHS 


Pq)tide 
Vaccines 


Synthetic peptides are produced 
that correspond to tumor 
associated antigens. Designed to 
stimulate a cytotoxic T-Cell 
response (CTL) 


• Need to choose 
correct peptides to 
elicit an effective 
immune response 

• Restriction to HLA 
subtype or HLA 
supertypes 


• Single 
preparation 
used for 
multiple 
patients and 
possibly 
multiple 
diseases 

• Possible to 
combine 
various 

antigens/ 
targets 

• Reproducible 
antigen 
production 

• Able to break 
tolerance 

• Able, to eUcit 
responses to 
subdominant 
epitopes 

• Can be 

directed to 
supertypes for 
broad 
population 
coverage 


Carbohydrate 
vaccines 


Synthetically produced tumor 
associated ca]1x>hydrates, 
designed to stimulate an 
antibody response against the 
carbohydrate antigens 


• May need CTL 
response as well as 
humoral response 

• Carbohydrate 
antigens are HTL 
dependent 


• Single 
preparation 
used for 
multiple 
patients and 
possibly 
multiple 
diseases 
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TABLE 2 



SUrERMOTJro 


rUolllUJN 


POMllOJN 


rOblTlUN 




2 (Primary Anchor) 


3 (Primary Anchor) 


C Terminus (Primary 
Anchor) 


A 1 

Al 


T* T T X/ XjT C 
1, V, M, O 




F,W,Y 


A2 


L, I, V, M, A, T, Q 




I, V, M, yi, i, L 


A3 


V, S, M, A, 2, / 




R,K 


A24 


Y, F, FT, /, K, L, M, T 




F, I, Y.W.L.M 


B7 


P 




V,I,L,F,Af, ^T. y,^ 


B27 


R,H, K 




F, Y, L, W, M, I, V, A 


B44 


E,Z) 




F, W, L, I, M, V, A 


B58 


A,T,S 




F, W, Y, L, /, F, M, A 


B62 


Q,L,/, V.M,P 




F,W, Y,M,/, 










MOTIFS 








Al 


T,S,M 




Y 


Al 




D, E,^, iS 


Y 


A2.1 


L, M, V, Q,IA,T 




^7 T T '1 X J /Tl 

V, I, /, M, ^, T 


A3 


L,M,V,I,S,A,T,F, 

/Of /-T J-V 

C, G. D 




K, Y, R, F, yi 


All 


V,T,M,L,I,S,A, 






A24 


Y, F, W, M 




F,L,I,W 


A*3101 


M,\,T,A,L.I,S 




R,is: 


A*3301 


M,V,A,L,F,/.5', r 




R,K 


A*6801 


A,V,T,M,-5.A/ 




p K 


B*0702 


P 




L,M,F,)^ y,^,/. F 


B*3501 


P 




L,M,F,W,Y,/, F,^ 


B51 


F 




L, I, V, F, W. Y, A. M 


B*5301 


P 




I,M,F,W,Y,^.L, V 


B*5401 


P 




A,T,I,V,i,.A/,F, 

W. Y 



Bolded residues are preferred, italicized residues aic less preferred: A peptide is considered 
motif-bearing if it has primary anchors at each primary anchor position for a motif or 
supermotif as specified in the above table. 
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TABLE 2a 



SUPERMOTIFS 


FOolliUJN 


rUolliUJN 


rosrrioN 




2 (Primary Anchor) 


i (rTUQsry Ancnor) 


C Terminus (Primary 
Ancnor) 


Al 


T, 1, L, K, M, 




F, W, Y 


A2 


V, G ii, r 




1, V, i/, Af, A, T 


A3 


V, S, M, A, r, L, I 




R, K 


A24 


Y, F, W, I. V, L, M. T 




F, I, J, fr, M 


B7 


P 




X7 T T "1? Jiy TXT V >< 

V, I, L, F, Az, >r, /, A 


B27 


R,H,K 




F,Y,L,fF.M/. KM 


B58 


A,T,S 




Tfl '%.T T T Tr \ £ A 

F,W,Y,Z., /, V.M.A 


B62 


Q,L,/, V.M.P 




F,W,Y,M,/, K.L.^ 










MOTIFS 








Al 


T,S,M 




Y 


Al 




D, E^, S 


Y 


A2.1 


v.aA.v 






A3.2 


L,M,V,I,S,A,T,F. 

C. G. D 




K,Y,R,H.F.A 


All 


V,T,M,L,I,S,A, 
G,N,C,AF 




K^R.H, Y 


A24 


Y,F,W 




F,L,I,W 



*If 2 is V, or Q, the C-term is not L 



Bolded residues are preferred, italicized residues are less preferred: A peptide is considered 
motif-bearing if it has primary anchors at each primary anchor position for a motif or 
supennotif as specified in the above table. 

SPn68S2Ul 
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Tables 





AUelle-specific HLA-supertype members 


HLA- 


Verified^ 


jrrcuicieQ 


supertype 






Al 


A*0101, A*2501, A*2601, A*2602, 
A*3201,A*2902 


A*0102, A*2604, A*3601, A*4301, 
A*8001 


A2 


A*0201 , A*0202, A*0203, A*0204. 
A*0205, A*0206. A*0207, A*0209. 

A*0214, A*6802, A*6901 


A*0208, A*0210, A*0211, A*0212, 
A*0213 


Aj 


A*0301. A*1101, A*3101, A*3301. A*6801 


A*0302. A*1102, A*2603, A*3302. 
A*3303, A*3401. A*3402. A*6601, 
A*6602» A*7401 




A*2301, A*2402, A*3001 


A*2403, A*2404. A*3002, A*3003 


B7 


B*0702, B*0703, B*0704, B*0705, B*1508, 
B*3501, B*3502. B*3503, B*3503. B*3504, 
B*3505, B*3506, B*3507, B*3508, B*5101. 
B*5102, B*5103, B*5104, B*5105, B*5301. 
B*5401. B*5501. B*55Q2, B*5601. B*5602. 
B*6701,B*7801 


B*1511.B*4201.B*5901 




B*1401, B*1402, B*1509. B*2702, B*2703, 
B*2704. B*2705, B*2706, B*3801. B*3901, 
B*3902, B*7301 


B*2701, B*2707. B*2708, B*3802, 
B*3903, B*3904, B*3905, B*4801, 
B*4802, B*1510, B*1518. B*1503 


B44 


B*1801, B*1802, B*3701. B*4402, B*4403, 
B*4404. B*4001, B*4002, BH006 


B*4101. B*4501. BM701, B*4901, 
B*5001 


B58 


B*5701. B*5702, B*5801, B*5802, B*1516, 
B*1517 




B62 


B*1501, B*1502, B*1513, B*5201 


B*1301, B*1302. B*1504, B*1505, 
B*1506. B*1507. B*1515, B*1520,' 
B*1521, B*1512, B*1514. B*1510 



a. Verified alleles include alleles whose specificity has been detennined by pool 
sequencing analysis, peptide binding assays, or by analysis of the sequences of CTL 
epitopes. 

b. Predicted alleles are alleles whose specificity is predicted on the basis of B and F 
pocket structure to overlap with the supertype specificity. 
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Table 6: Identified CTL Epitopes for an A2 Vaccine 



Source 


Sequence 
(SEQIDNQ) 


HLA-A2 Binding Affinity (IC50 nM) 




CTLi 




A*0201 


A*U2U2 


A*0203 


A*0206 


A*6802 


No. A2 
AUeles 
Bound 


Sequence 


md- 

type 


Tumor 


CEA^4V9 


LLTFWNPPV (19) 


16 


307 


26 


56 




4 


1/1 


TBD^ 


1/1 


CEA.233V10 


VLYGPDAPTV (1) 


26 


430 


16 


205 




4 


3/4 


2/2 


1/4 


CEA.605V9 


YLSGANLNV(2) 


73 


13 


13 


fin 
ou 


louu 


4 


A /A 

4/4 


3/4 


1/4 


CEA.687 


ATVGIMIGVp) 


36 


8.8 






U.OU 


5 


1/1 


1/1 


1/1 


CEA.691 


INGGVLVGV (16) 


69 


62 


13 


106 


89 


5 


0/0 


0/0 


4/7 


p53.25Vll 


LLPENNVLSPV (4) 


38 


4 


4 


9 


30 


5 


2/3 


1/3 


1/3 


p53.139L2 


KLCPVQLWV(5) 


122 


239 


29 


23 


-S 


4 


2/5 


2/3 


1/3 


p53.139L2B3 


KLBPVQLWV(6) 


34 


8.7 


20 


11 






3/4 


2/3 


1/2 


p53.149L2 


SLPPPGTRV(7) 


122 


226 


13 


9250 


140 


4 


2/3 


1/3 


0/3 


p53.149M2 


SMPPPGTRV(8) 


172 


215 


13 


425 


667 


4 


2/4 


2/4 


2/4 


Hei2/neu.5 


ALCRWGUX (12) 


100 




278 






2 


2/2 


2/2 


2/2 


Hei2/neu.48 


HLYQGCQW(14) 


139 


307 


13 


514 


1143 


3 


3/4 


3/4 


1/3 


■Tierz/ ncu«307 


VTCr^CT ACT /4 *7\ 

JUrUbLArL (17) 


36 


9 


19 


23 


3333 


4 


10/11 


10/11 


7/11 


Her2/neu. 


KLFGSLAFV(?) 


5.8 


7.5 


19 


17 


1270 


. 4 


4/4 


3/4 


2/4 


n,ci4£/ ncu« 
369V2V9 




20 


19 


769 


15 


29 


4 


4/4 


3/4 


2/4 


Her2/neu.435 


ILHNGAY5L (15) 


75 


358 


100 


569 




3 


5/5 


5/5 


3/5 


Hei2/neu.665 


WLGWFGI (23) 


14 





2500 


430 


2000 


2 


4/8 


4/8 


1/1 


Her^nea.689 


RIXQETELV(22) 


21 


_ 


625 


34 




2 


4/8 


4/8 


1/1 


Her2/neu.773 


VMAGVGSPyV(ll) 


200 


391 


13 


3700 




3 


2/4 


2/4 


1/4 


Her2/neu.9S2, 


YMIMVKCWMI 
(25) 


20 


307 


83 


116 


267 


5 


2/3 


2/3 


2/3 


MAGEZ157 


YLQLVFGIEV(24) 


50 


165 


345 


370 


9302 


4 


3/3 


3/3 


1/3 


MAGE3.159 


QLVFGEBLMEV 
(21). 


7.9 


74 


217 


185 


267 


5 


3/3 


3/3 


1/3 


MAGE3.112 


KVAELVHFL(18) 


69 


29 


14 


168 


17 


5 


3/4 


3/4 


3/4 


MAGE3.160 


LVFGIELMHV(20) 


29 


20 


7.7 


28 


14 


5 


4/4 


4/4 


1/4 


MAGE3^ 


FLWGPRALVaS) 


31 


43 


14 


336 


40 


5 


4/4 


4/4 


2/4 



1) Number of donors yielding a positive response/ total tested. 

2) To be determined 

3) - indicates binding affinity ^ 10^00 nM 

4) For peptides that are not analogs, ''Sequenced and "Wild-lype Sequence" provide the same information 
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Expression of Tumor Associated Antigen (lAA) 



TAA 


% of Tumors Esqiressing the TAA 


Colon Cancer 


Breast Cancer 


Lung Cancer 


CEA 


95 


50 


70 


P53 


50 


50 ^ 


40-60 


MAGE 2/3 


20-30 


20-30 


35 


HER2/neu 


28-50 


30-50 


20-30 


Total 


99 


86-91 


91-95 



Table 8. Incidence and survival rate of patients with breast, colon, or lung 
cancer in the United States 





Estimated 
New Cases 
1998 


Estimate 
Deaths 1998 


5-Year relative survival rates 








1974-76 


1980-82 


1986-1993 


Breast 


180,300 


43,900 


75% 


77% 


80% 


Colon 


95, 600 


47,700 


50% 


56% 


63% 


Lung 


171,500 


160,100 


12% 


14% 


. 14% 



Source: Cancer Statistics 1998. January/February 1998, Vol. 48, No. 1 
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Table 9: Sanmiary of CTL Epitopes for an A2 Vaccine 



Epitope 


Sequence 
(SEQIDNO.) 












Mo A9 

Member 
s Cross- 
bound 


CTL Recognition 


Native 
Pulsed 
Cells 


Tumor 
Cell 


CEA.605V9 


YLSGANLNV (2) 




13 


13 


80 


1600 


4 


+ 


+ 


CEA.691 


rMIGVLVGV(16) 


69 


62 


13 


106 


89 


5 


+ 


+ 






















P53.139L2B3 


KLBPVQLWV (6) 


34 


8J 


20 


11 


4 


4 


+ 


+ 


P53.149M2 


SMPPPGTEIV(8) 


172 


215 


13 


425 


667 


4 


+ 


+ 






















MAGE3.112 


KVAELVHFL(18) 


69 


29 


14 


168 


17 


5 


+ 


+ 


MAGE2.157 


YLQLVFGIEV (24) 


50 


165 


345 


370 


9302 


4 


+ 


+ 






















HER2/neu.689 


RLLQETELV(22) 


21 




625 


34 




2 


+ 


+ 


HER2/neu.665 


WLGVVFGI(23) 


14 




2500 


430 


2000 


2 


N.D. 


+ 



1) The peptide designations are derived from the target antigen (eg. CEA) and the numeral relates to the first amino 
acid in the protein (e.g. 691). Analogs are noted by the amino acid inserted by substitution and the peptide 
position substituted (e.g. V9). 

2) HLA binding was measured by a competitive binding assay where lower values indicate greater binding affinity. 

3) Standard errors corresponding to HLA binding were presented in previous figures. 

4) (--) indicates binding afBnity > 1 0,000 nM, 
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Table 10: Identified CTL Epitopes for an A2 Vaccine 



Source 


Sequence 


HLA-A2 Binding AfBnity (IC50 nM) 






CTL* 






(SEQIDNO:) 






















A*0201 


A*0202 


A*0203 


A*0206 


A*6802 


No. A2 
Alleles 
Bound 


Sequence Wild-type TUmor 
Sequence^ 


CEA.24V9 


LLTFWNPPV(19) 


16 


307 


26 


56 


952 


A 


1/1 


TBD^ 


1/1 


CEA,233V10 


VLYGPDAPTV(l) 


26 


430 


16 


206 


952 


4 


3/4 


2/2 


1/4 


CEA.687 


ATVCHMIGV(3) 


36 


8.8 


20 


11 


0.80 




1/1 


1/1 


1/1 


P53.25V11 


LLPENNVLSPV(4) 


38 


4 


4 


9 


30 


5 


2/3 


1/3 


1/3 


P53.139L2 


KLCPVQLWV(5) 


122 


239 


29 


23 


^3 


4 


2/5 


2n 


1/3 


Her2/neu.369 


KIFGSLAFL(17) 


36 


9 


19 


23 


3333 


4 


10/11 


10/11 


7/11 


Her2/neu. 
369V2V9 


KVFGSLAFV{10) 


20 


19 


769 


15 


29 


4 


4/4 


3/4 


2/4 


Her2/neu.952 


YMIMVKCWMI(25) 


20 


307 


83 


116 


267 


5 


2/3 


2/3 


2/3 


MAGE3.159 


QLVFGIELMEV (21) 


7.9 


74 


217 


185 


267 


5 


3/3 


3/3 


1/3 


MAGE3.160 


LVFGIELMEV(20) 


29 


20 


7.7 


28 


14 


5 


4/4 


4/4 


1/4 



1 ) Number of donors yielding a positive response/total tested. 

2) To be detennined 

3) - indicates binding affinity < I0»000 nM. 

4) For peptides that are not analogs, "Sequence" and "Wild-type Sequence" provide the same information 
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Table 11. Population coverage by HLA class I supeitype epitopes. 
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Minimal Allelic Frequency 



Supeitype 


Representative 
HLA 
Molecules* 


Caucasian 


Black 


Japanese 


Chinese 


Hispanic 


Average 


A2 


2.1,2.2, 2.3,2.5, 
2.6, 2.7, 68.02 


45.8 


39,0 


42.4 


45.9 


43.0 


43.2 


A3 


3,11,31,33, 
68.01 


37.5 


42.1 


45.8 


52,7 


43,1 


44.2 


B7 


7,51,53,35,54 


43.2 


55.1 


57.1 


43.0 


49.3 


49.5 


Total Pqsulation Coverage 


84.3 


86.8 


89.5 


89.8 


86,8 


87.4 



For A2, all A2 subtypes were included; for A3, the five listed allotypes were used; for B7, several 
additional allotypes were included based on binding pocket analysis. 
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Table 12: Tumor Assodated Antigens and Genes (TAA) 



Antigen Reference 

MAGE 1 (Traversari C, Boon T, J.Ex. Med 176:1453, 1992) 

MAGE 2 (De Smet C, Boon T, Immunogenetics, 39(2)121-9, 1994) 

MAGE 3 (Gaugler B., Boon T, J.Ex. Med 179: 921, 1994) . 

MAGE-1 1 (Jurk M, Winnacker L, Int J.Cancer 75, 762-766, 1998) 

MAGE-AIO (Huang L., Van Pel A, Llmmunology, 162:6849-6854) 

BAGE (Boel P., Bruggen V, Immumty 2:167, 1995) 

GAGE (Eynde V., Boon T, J.Exp. Med 182:689, 1995) 

RAGE (Gaugler B., Eynde V, Lmnunogenetics, 44:325, 1996) 

MAGE-Cl (Lucas S., Boon T, Cancer Research, 58, 743-752, 1998) 

LAGE-1 (Lefhel B., Boon T, Int J cancer, 10; 76(6) 903-908 

CAG-3 (Wang R~Rosenberg S, J.Iinmunology, 161:3591-3596, 1998) 

DAM (Fleischhauer K., Traversari C, Cancer Research, 58, 14, 2969, 1998) 

MUCl (Karanikas V., McKenzie IF, J.clnical investigation, 100:11, 1-10, 1997) 

MUC2 (Bohm C, Hanski, IntJ.Cancer 75, 688-693, 1998) 

MUC18 (Putz E., Pantel K, Cancer Res 59(l):241-248, 1999) 

I NY-ESO-1 (Chen Y., Old U PNAS, 94, 1914-18, 1997) 

MUM-1 (CouUe P., Boon T, PNAS 92:7976, 1995) 

CDK4 . (WolfelT.,BeachD, Science 269:1281, 1995) 

BRCA2 (Wooster R— Stratton M, Natiaie, 378, 789-791, 1995) 

NY-LU-1 (Gure A., Chen, Cancer Research, 58, 1034-41, 1998) 

NY-LU-7 (Gure A., Chen, Cancer Research, 58, 1034-41, 1998) 

NY-LU-12 (Gure A., Chen, Cancer Research, 58, 1034-41, 1998) 

CASP8 ^andruzzato S., Bruggrai P, J.Bc.Med 186, 5, 785-793, 1997) 

RAS (Sidransky D., Vogelstein B, Science, 256: 102) 

KIAA0205 (Gueguen M., Eynde, J.hnmunology, 160:6188-94, 1998) 

SCCs ^olina R., Ballesta AM, Tumor Biol, 17(2):81-9, 1996) 

p53 (Hollstein M., Harris CC, Science, 253, 49-53, 1991) 

p73 (Kaghad M., Caput D, CeU; 90(4):809-19, 1997) 

CEA (Muraio R., Schlom J, Canca: Research, 45 :5769-55780, 1985) 

Her 2/neu (Dms M., Cheever M, Cancer Res 54:1071, 1994) 

Melan-A (Coulie P., Boon T, J.ExMed, 180:35, 1994) 

gplOO (Bakker A., Figdor, J^xMed 179:1005, 1994) 
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Antigen 


Reference 


Tyrosinase 


(Wolfel T., Boon T, E.J.1 24:759, 1994) 


TRP2 


(Wang R., Rosenberg S.A, J.ExMed 184:2207, 1996) 


gp75/rRPl 


(Wang R., Rosenberg S.A, LExMed 183:1131, 1996) 


PSM 


(Pinto J. T., Heston W.D.W., Clin Cancer Res 2(9); 1445-1451, 1996) 


PSA 


(Correale P., Tsang K, J. Natl cancer institute, 89:293-300, 1997) 


PTl-1 


(Sun Y., Fisher PB, Cancer Research, 57(l):18-23, 1997) 


B-catenin 


(Robbins P., Rosenberg SA, J.Ex. Med 183:1185, 1996) 


FRAME 


(Neumann E., SeligerB, Cancer Research, 58, 4090-4095, 1998) 


Telomearse 


(BCishimoto K., Okamoto E, J Surg Oncol, 69(3): 1 19-124, 1998) 


FAK 


(Romberg U, Head Neck, 20(8):745-52, 1998) 


Tn antigen 


(Wang Bl, J Submicrosc CytolPath, 30(4):503-509, 1998) 


cyclin Dl protein (Linggui K., Yaowu Z, Cancer Lett 130(1-2), 93-101, 1998) 


N0EY2 


(Yu Y., Bat RC, PNAS, 96(1):214-219, 1999) 


EGF-R 


(Biesterfeld S. — Cancer Weekly, Febl5, 1999) 


SART-1 


(Matsumoto H., Itoh K, J^anese Journal of Cancer Research, 59, 




issl2,1292-1295,1998) 


CAPS 


(Cancer Weekly, March 29,4-5, 1999) 


HPVE7 


Rosenberg SAhnmunity, 10, 282-287, 1999) 


pl5 


(Rosenberg S A, Immunity, 10, 282-287, 1999) 


Folate receptor 


(Gruner B.A., Wdtman S.D., hivestigational New Drugs, Voll6, iss3. 




205-219, 1998) 


CDC27 


(Wang R.F., Rosenberg SA, Science, vol 284, 1351-1354, 1999) 


PAGE-1 


(Chen, J. Biol. Chem: 273:17618-17625,1998) 


PAGE-4 


(Brinkmann: PNAS, 95:10757,1998) 


Kallikrein2 


(Darson:Urology, 49:857-862, 1997) 


PSCA 


(Reiter R., PNAS, 95:1735-1740, 1998) 


DD3 


(Bussemakers MJ.G, European Urology, 35:408-412, 1999) 


RBP-1 


(Takahashi T., British Joumal of Cancer, 81(2):342-349, 1999) 


RU2 


(Eybde V.D., J,Exp.Med, 190 (12):1793-1799, 1999) 


Folate binding 


(Kim D., Anticancer Research, 19:2907-2916, 1999) 


protein 




EGP-2 


(Heidenreich R., Human Gene Thwapy, 1 1 :9-19, 2000) 
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Table 14 Sequence motifs associated with binding-MHC specificity 
analyzed in the current study 



Anchor position 



AUelle 


p2 


p3 


C terminus 


A3 supertype 


LMIVAST 




KR 


B7 supertype 


P 




LMIVFWYA 


Al 


TSM or 


DBAS 


YA 


A24 


YFWM 




FLIW 



- indicates any naturally occuning residue accepted. 
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Table 18a. CBA-derivedAl binders 



bEQ 
ID NO 


AA 


Sequence 


Source 


A*0101 
nM 


158 


11 


RVDGNRQIIGY 


CEA.72 


294 


159 


9 


QQATPGPAY 


CEA.87 


- 


160 


9 


QQDTPGPAY 


CEA.87D3 


57 


161 


11 


RSDSVILNVLY 


CEA.225 


47 


162 


10 


PTISPLNTSY 


CEA.240 


1000 


163 


10 


PTDSPLNTSY 


CEA.240.D3 


266 


164 


9 


AASNPPAQY 


CEA.261 


— 


165 


9 


AADNPPAQY 


CEA.261.D3 


46 


166 


9 


rrVNNSGSY 


CEA289 


2500 


167 


9 ' 


ITDNNSGSY 


CEA289.D3 


96 


168 


9 


VTRNDVGPY 


CEA383 


— 


169 


9 


VTDNDVGPY 


CEA383.D3 


4.1 


170 


11 


HSDPVILNVLY 


CEA.403 


26 


171 


10 


PTISPSYTYY 


CEA.418 


325 


172 


10 


PTDSPSYTYY 


CEA.418.D3 


1.1 


173 


9 


PTISPSYTY 


■ CEA.418 


7143 


174 


9 


PTDSPSYTY 


CEA.418.D3 


38 


175 


9 


nSPSYTYY 


CEA.419 


1042 


176 


9 


TIDPSYTYY 


CEA.419.D3 


3.1 


177 


10 


• HAASNPPAQY 


CEA.438 


2688 


178 


9 


AADNPPAQY 


CEA.439.D3 


45 


179 


9 


UEKNSGLY 


CEA.467 


641 


180 


9 


rXDKNSGLY 


CEA.467.D3 


12 


181 


11 


RSDPVTLDVLY 


CEA^l 


7.8 


182 


10 


IBASNPSPQY 


CEiL616 


74 


183 


10 


HTASNPSPQY 


CEA.616.T2 


132 


184 


10 


HSDSNPSPQY 


CEA.616.D3 





- indicates bindmg af&dty =10,00OnM. 
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Table .18b, Her2/neu-derived A 1 binders 



ID NO 


AA 


Sequence 


Source 


A*0101 

RM 


185 


9 


VMAGVGSPy 


Her2/neu.773 


625 


186 


9 


VMDGVGSPY 


Her2/neu.773.D3 


40 


187 


10 


CMQIAKGMSY 


Her2/neu.826 


83 


188 


10 


CTQIAKGMSY 


Her2/neu.826.T2 


19 


169 


9 


LLDIDETEY 


Her2/neu.869 


3.3 


190 


9 


LTDIDBTEY 


Hei2/neu.869.T2 


5.7 


191 


10 


FraQSDVWSY 


Her2/neu.899 ' 


9.3 


192 


10 


FTDQSDVWSY 


Her2/neu.899.D3 


0.60 


193 


10 


PASPLDSTFY 


Her2/neu.996 


1667' 


194 


10 


PADPLDSTFY 


Her2/neu,996.D3 


19 


195 


9 


ASPLDSTFY 


Her2/neu.997 . 


862 


196 


9 


ATPLDSTFY 


Her2/n.eu.997.T2 


36 


197 


10 


MGDLVDAEEY 


Hei2/neu.l014 


2083 


198 


10 


MTDLVDAEEY 


Her2/neu.l014.T2 


2.3 


199 


9 


LTCSPQPEY 


Her2/neull31 


192 


200 


9 


LTDSPQPEY 


Her2/neu.H31.D3 


32 


201 


10 


FSPAFDNLYY 


Her2/neul213 


4.5 


212 


10 


FTPAFDNLYY 


Her2/neu.l213.T2 


0.80 


203 


9 


FSPAFDNLY 


Hei2/neu.l213 


581 


204 


9 


FTPAFDNLY 


Hei2/neu.l213.T2 


7.8 


205 


9 


SPAFDNLYY 


Hei2/neu.l214 


NT 


206 


9 


SPDFDNLYY 


Hei2/neu.l214.D3 


74 


207 


10 


GTPTAENPEY 


Her2/neu.l239 


397 


208 


. 10 


GTDTAENPEY 


Hei2/neu.l239.D3 * 


26 



— indicates binding affinity slO,OOQnM. 
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Table 18c. Mage2/3-derived Al binders 



Published 
Immunogenidty 



ID NO Sequence Source Peptide Tumor 



209 


10 






IDOO 


om 
ZIU 


lU 


AlbJrbl llTslY 


MAGE2.68.T2 


455 


911 


in 




MA(^j^.68.D3 


25 


212 


Q 






looa 




Q 

y 


b i rb 1 1 UN Y 


MAGE2.69.T2 


490 


214 


• 11 


WEWPISHLY 






215- 


a 
o 




w An?9 170 
JVlAVjlSZ.1/7 


ixoo 


01 A 


Q 

o 


VTUUjtjbY 


MAGE2.179,D3 


2.7 


217 


10 


LMODLVO'RNy 


MAPF9 9A^ 


ODD 


Z.XO 


in 




MA\jfi2.246.T2 


58 


91 Q 


Q 


M^nr>T vnpMv 

IVxlj^l^ljVVi^JiJN I 




1/ 


99n 


Q 




MAVjil2.24/.T2 


0.80 


991 


in 


A CCT "Pm^ifMV 




11 


999 


in 


ATQT pnTTX/TNTV 


XVlAV3li3.oo.T2 


208 


223 


10 


ASDLPTIMNY 


MAGE3.68.D3 


2.6 


224 


9 


SSLPTTMNY 


MAGE3.69 


676 


22S 


9 


STLPTTMNY 


MAGE3.69.T2 


5S 


226 


11 


TMNYPLWSQSY 


MAGE3.74 


301 


227 


9 


GSWGNWQY 


MAGE3,137 


4237 


228 


9 


GTWONWQY 


MAGE3.137.T2 


36 


229 


11 


LMBVDPIGHLY 


MAGE3.166 


. 33 


230 


9 


BVDHGHLY 


MAGE3.168 


63 


231 


9 


BTDPlGHLY 


MAGB3.168.T2 


0.70 


232 


8 


ATCLGLSY 


MAGE3.179 


227 


233 


10 


LTQHFVQENY 


MAGB3.246 


96 


234 


10 


LTDHFVQBNY 


MAGB3.246.D3 


23 


235 


9 


BGGPHBY 


MAGE3.293 


676 


236 


9 


rrGGPHBY 


MAGB3,293.T2 


36 
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Table 18d. p53-derived Al binders 



SEQ 
ID NO 


AA 


Sequence 


Source 


A*0101 

nM 
1 uvx 


237 


10 


PSQKTYQGSY 


p53.98 


1786 


238 


10 


PTQKTYQGSY 


. p53.98.T2 


36 


239 


10 


GTAKSVTCTY 


p53.117 


76 


240 


10 


GTDKSVTCTY 


p53.117.D3 


42 


241 


10 


RVBGNLRVEY 


p53.196 


1136 


242 


10 


RVDGNLRVBY 


p53.196.D3 


46 


243 


10 


VGSDCTTIHY 


p53.225 


96 


244 


9 


GSDCTTIHY 


p53.226 


0.80 


245 


9 


GTDCTTIHY 


p53.226.T2 


0.90 


246 


11 


GSDCTTIHYNY 


P53.226 


68 
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Table 19a. CEA-derived A24 binders 



SEQID NO 


AA 


Sequence 


Source 


A*0101 nM 


247 


9 


RWCIPWQRL 


CEA.IO 


923 


248 


9 


RYCIPWQRF 


CEA.10.Y2F9 


191 


249 


10 


RWCIPWQRLL 


CEA.IO 


308 


250 


10 


RYCIPWQRLF 


CEA.IO. Y2F10 


26 


251 


11 


RWCIPWQRLLL 


CEA.IO 


152 


252 


11 


PWQRLLLTASL 


CEA.14 


324 


253 


10 


FWNPPTTAKL 


CEA.27 


400 


254 


10 


FYNPPTTAKF 


CEA.27.Y2F10 


182 


255 


8 


lYPNASLL 


CEA.lOl 


177 


256 


9 


lYPNASLLI 


CEA.101 


1.7 


257 


9 


lYPNASLLF 


CEA.101.F9 


2.2 


258 


11 


FYTLHVnCSDL 


CEA.119 


480 


259 


10 


VYPBLPKPSI 


CEA.140 


1519 


260 


10 


VYPELPKPSF 


CEA.140.F10 


106 


261 


9 


LWWVNNQSL 


CEA.177 


546 


262 


9 


LYWVNNQSF 


CEA,177.Y2F9 


63 


263 


9 


LYGPDAPn 


CEA.234 


57 


264 


9 


LYGPDAPTF 


CEA.234.F9 


63 


265 


10 


QYSWFVNGTF 


CEA.268 


3.5 


266 


8 


SWFVNGTF 


CEA.270 


480 


267 


10 


TFQQSTQELF 


CEA.276 


750 


268 


10 


TYQQSTQELF 


CEA.276.Y2 


308 


269 


9 


VYAEPPKPF 


CBA.318 


41 


270 


10 


VYAEPPKPFI 


CEA.318 


667 


271 


10 


VYAEPPKPFF 


CEA.318JnO 


27 


272 


11 


TYLWWVNNQSL 


CEA353 


46 


273 


9 


LYGPDDPTI 


CEA.412 


353 


.274 


11 


SYTYYRPGVNL 


CEA.423 


218 


275 


9 


TYYRPGVNL 


CEA.425 


185 


276 


9 


TYYRPGVNF 


CEA.425.F9 


52 


277 


11 


TYYRPGVNLSL 


CEA.425 


132 


278 


10 


YYRPGVNLSL 


CEA.426 


86 


279 


10 


YYRPGVNLSF 


CEA.426.F10 


10 


280 


10 


QYSWUDGNI 


CEA.446 


800 


281 


10 


QYSWLnXSNF 


CBA.446Ja0 


60 


282 


11 


TYLWWVNGQSL- 


CEA^l 


92 


283 


9 


LWWVNGQSL 


CEA^3 


1463 


284 


9 


LYWVNGQSF 


CBA.533.Y2F9 


16 


285 


9 


LYGPDTPn 


CBA.590 


46 


286 


10 


SYLSGANLNL 


GBA.604 


207 


287 


10 


SYLSGANLNF 


CEA.604.F10 


10 


288 


9 


QYSWRINGI 


CEA.624 


444 


289 


9 


QYSWRINGF 


CEA.624.F9 


109 


290 


9 


TYACFVSNL . 


CEA.652 


10 


291 


9 


TYACFVSNF 


CEA.652.F9 


8.6 



Published 

Immunogenicity 

Peptide Tumor 
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Table 19b. Her2/neu-derived A24 binders 



SEQ 
ID NO 


AA 


Sequence 


Source 


nM 


292 


9 


PYVSRLLGI 


Her2/neu780 


71 


293 


9 


PYVSRLLGF 


Her2/neu.780.F9 


9.2 


294 


11 


. PYVSRLLGICL 


Her2/neu780 


375 


295 


10 


GMSYLEDVRL 


Her2/nea832 


NT 


296 


10 


GYSYLEDVRF 


Her2/neu.832.Y2F10 


235 


297 


9 


KWMALESIL 


Her2/neu.887 


800 


298 


9 


KYMALESIF 


HeT2/neu.887.Y2F9 


19 


299 


9 


RFTHQSDVW 


Her2/neu.898 


1091 


300 


9 


RYIHQSDVF 


Her2/neu.898.Y2F9 


60 


301 


9 


VWSYGVTVW 


Her2/neu.905 


150 


302 


9 


VYSYGVTVF 


Hei2/neu.905.Y2F9 


16 


303 


11 


VWSYGVTVWEL 


Her2/neu.905 


130 


304 


9 


SYGVTVWEL 


Her2/neu.907 


100 


305 


9 


SYGVTVWEF 


Her2/neu.907.F9 


26 


306 


9 


VYMIMVKCW 


Her2/neu.951 


75 


307 


9 


VYMIMVKCF 


Hei2/neu.951.F9 


19 


308 


11 


VYMIMVKCWMI 


Hei2/neu.951 


6.7 


.309 


9 


RFRELVSEF 


Her2/neu.968 


667 


310 


9 


RYRELVSEF 


Her2/nfiu.968.Y2 


36 


311 


9 


RMARDPQRF 


H€r2/neu.978 


3750 


312 


9 


RYARDPQRF 


Her2/neu.978.Y2 


120 
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Table 19c, Mage2/3-derived A24 binders 

.PubHshed 
Immunogenidty 



SEQ ID NO 


AA 


Sequence 


Source 


j\ iwi repticie 


Tumor 


313 


11 


SFSTTINYTLW 


MAGB2.70 


429 




314 


10 


SYSTTINYTF 


MAGE2.70.Y2F10 


IS 




315 


9 


MFPDLESEF 


MAGB2.97 


857 




316 


9 


MYPDLESEF 


MAGE2.97.Y2 


52 




317 


9 


KMVELVHFL 


MAGE2.112 


750 




318 


9 


KYVELVHFF 


MAGE2.112.Y2F9 


7.1 




319 


11 


IFSKASEYLQL 


MAGE2.150 


126 




320 


9 


lYSKASBYF 


MAGE2.150.Y2F9 


15 




321 


9 


EYLQLVFGI 


MAGE2.156 


3.4 + 


+ 


322 


9 


EYLQLVFGF 


MAGE2.156.F9 


4.0 




323 


10 


LYILVTCLGL 


MAGE2.175 


857 




324 


10 


LYILVTCLGF 


MAGE2.175.F10 


18 




325 


ft 


VMPKTGLU 


MAGE2.195 


52 




326 


9 


VYPKTGLLF 


MAGE2.195.Y2F9 


5.5 




327 


10 


VMPKTGLLn 


MAGE2.195 


207 




328 


10 


VYPKTGLLIF 


MAGE2.195.Y2F10 


2.9 




329 


10 


EFLWGPRAU 


MAGE2.270 


1237 




330 


10 


EYLWGPRALF 


MAGE2.270.Y2F10 


10 




331 


8 


LWGPRAU 


MAGE2.272 


. 100 




332 


10 


SYVKVLHHTL 


MAGE2:i82 


75 




333 


10 


SYVKVLHHTF 


MAGE2.282.F10 


34 




334 


9 


TFPDLESEF 


MAGE3.97 


2449 + 


+ 


335 


9 


TYPDLESEF 


MAGE3.97.Y2 


218 




336 


9 


NWQYFFPVI 


MAGE3.142 


23 




337 


9 


NYQYFFPVF 


MAGE3.142.Y2F9 


3.4 




338 


10 


NYQYFFPVIF 


MAGE3.142.Y2 


23 




339 


8 


QYFFPVIF 


MAGE3.144 


100 




340 


9 


IFSKASSSL 


MAGE3.150 


750 




341 


9 


lYSKASSSF 


MAGE3.150.Y2F9 


375 




342 


11 


IFSKASSSLQL 


MAGE3.150 


132 




343 


10 


LYIFATCLGL 


MAGE3.175 


3429 




344 


10 


LYIFATCLGF 


MAGE3.175JF10 


10 




345 


9 


MPKAGllI 


MAGE3.195 


29 + 


+ 


346 


9 


lYPKAGLLF 


MAGB3.195.Y2F9 


9.2 




347 


10 


IMPKAGLLn 


MAGB3.195 


• 240 




348 


10 


lYPKAGLUF 


MAGB3.195.Y2P10 


1.2 




349 


11 


IWEELSVLBVF 


MAGE3:221 


462 




■ 350 


8 


SYPPLFfflW 


MA.GE3300 


286 




351 


10 


SYPPLHBWVL 


MAGE3.300 


20 




352 


10 


SVPPLHBWVF 


MAGE3300.F10 


5.5 
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Table 19d. p53-deriYed A24 binders 



SEQ 


AA 


Sequence 


Source 


A»2401 
nM 


353 


9 


TFSDLWKLL 


D<>3 18 




354 


9 


TYSDLWKLF 


p53.18.Y2F9 


5.5 


355 


8 


TYQGSYGF 


p53.102 


109 


356 


10 


TYQGSYGFRL 


p53.102 


100 


357 


10 


TYQGSYGFRF 


p53.102.F10 


30 


358. 


8 


SYGFRLGF 


p53.106 


429 


359 


9 


SYGFRLGFL 


p53.106 


600 


360 


9 


SYGFRLGFF 


p53.106.F9' 


121 


361 


10 


TYSPALNKMF 


p53.125 


2.4 



- indicates binding affinity » 10,000 nM 
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Table 22. TAA-derived Al candidates 



SEO ID NO 


AA 




SourcG 




1 £it 

lol 


1 1 
11 


"DCnCVTT M\/T Y 


Lb A .2/0 


47 


167 


9 


ITDNNbLioY 


CEA.289.D3 


96 


170 


11 


HSDFVILNVLY 


CEA.403 


26 


172 


10 


PTDSPSYTYY 


CEA.418.D3 


1.1 


178 


9 


AADNPPAQY 


CEA.439.D3 


45 


180 


9 


ITDKNSGLY 


CEA.467.D3 


12 


181 


11 


RSDPVTLDVLY 


CEA.581 


7.8 


182 


10 


HSASNPSPQY 


CEA.616 


74 


186 


9 


VMDGVGSFY 


Her2/neu.773.D3 


40 


188 


10 


CTQIAKGMSY 


Hei2/neu.826.T2 


19 


189 


9 


LLDIDETEY 


Her2/neu.869 


3.3 


191 


10 


FTHQSDVWSY 


Her2/neu.899 


9.3 


194 


10 


PADPLDSTFY 


Her2/neu.996.D3 


19 


198 


10 


MTDLVDAEBY 


Her2/neu.l014.T2 


2.3 


200 


9 


LTDSPQPEY 


Hei2/neu.ll31.D3 


32 


201 


10 


FSPAFDNLYY 


Her2/neu.l213 


4.5 


208 


10 


GTDTAENPEY 


Her2/neu.l239.D3 


26 


211 


10 


ASDFSTTINY 


MAGE2.68.D3 


25 


216 


8 


VTDLGLSY 


MAGE2.179.D3 


2.7 


219 


9 


MQDLVQENY 


MAGE2.247 


17 


221 


10 


ASSIJPTTMNY 


MAGE3.68 


11 


228 


9 


GTWGNWQY 


MAGE3.137.T2 


36 


230 


9 


EVDPIGHLY 


MAGE3168 


6.8 


234 


10 


LTDHFVQENY 


MAGE3.246.D3 


23 


236 


9 


ITGGPHISY 


MAGE3.293,T2 


36 


238 


10 


PTQKTYQGSY 


p53.98.T2 


36 


239 


10 


GTAKSVTCTY 


p53.117 


76 


240 


10 


GTDKSVTCTY 


p53.117.D3 


42 


242 


10 


RYDGNLRVEY 


p53,196.D3 


46 


246 


11 


GSDCITEHYNY 


P53.226 


68 



Published 
Immunogenicity 
PepKde Tumor 
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Table 23. TAA-derived A24 candidates 



SEQ ID NO 


AA 


Secjuence 


Source 


A*0101 rM 


zoo 


o 

7 


TVDM A CT T T 


LbA.lUl 


1.7 


Zoo 


Q 


LYVjrUAl 11 


CEA.234 


57 




10 


^'\/01Arc\7XT/'""T*n 

UYoWrVNljlr 


CEA.268 


35 




9 


VYAbrrKJ-^r 


CEA.318 


41 


z/2 


11 


' TYLWWVNNQdL 


CEA.353 


46 


278 


10 


YYRPGVNLSL 


CEA.426 


86 


279 


10 


YYRPGVNLSF 


CEA.426.F10 


10 


281 


10 


QYSWLIDGNF 


CEA.446.F10 


60 


282 


11 


TYLWWVNGQSL 


CEA.531 


92 


285 


9 


LYGPDTPII 


CEA.590 


46 


287 


10 


SYLSGANLNF 


CEA.604.F10 


10 


290 


9 


TYACFVSNL 


CBA.652 


10 


292 


9 


PYVSRLLGI 


Her2/neu.780 


71 


293 


9 


PYVSRLLGF 


Her2/neu.780.F9 


9.2 


304 


9 


SYGVTVWEL 


Her2/neu.907 


100 


305 


9 


SYGVTVWEF 


Her2/neu.907.F9 


26 


308 


11 


VYMIMVKCWMI 


Her2/neu.951 


6.7 


310 


9 


RYRELVSEF 


Her2/neu.968,Y2 


36 


316 


9 


MYPDLESEF 


MAGE2.97.Y2 


52 


321 


9 


EYLQLVFGI 


MAGE2.156 


3.4 


324 


10 


LYILVTCLGF 


MAGE2.175.F10 


18 


325 


9 


VMPiCTGLLI 


MAGE2.195 


52 


331 


8 


LWGPRALI 


MAGE2.272 


100 


332 


10 


SYVKVLHHTL 


MAGE2.282 


75 


333 


10 


SYVKVLHHTF 


MAGE2.282.Fld 


34 ' 


334 


9 


TFPDLESEF 


MAGB3.97 


2449 


335 


9 


TYPDLESEF 


MAGE3.97.Y2 


218 


336 


9 


NWQYFFPVl 


MAGE3.142 


23 


344 


10 


LYIFATCLGF 


MAGE3.175.F10 


10 . 


345 


9 


IMPKAGLLI 


MAGE3.195 


29 " 


351 


10 


SYPPLHEWVL 


MAGE3.300 


20 


356 


10 


TYQGSYGFRL 


p53.i02 


100 


361 


10 


TYSPALNKMF 


P53.125 


2.4 



Published 
Immunogepicity 
Peptide Tumor 



82745J.DOC 
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Table 25 Tumor-associated antigen (TAA) sequences 



CEA SEQIDNO:363 

MESPSAPPHRWCIPWQRIiLTASIiTFWNPPTTAKLTIESTPFNVAEGK 
EVLLLVHM.PQHIJ'GYSWYKGERVDGNRQnGYVIGTQQATPGPAYSGREnY 
PNASLLIQNnQNDTGFYTLHVIKSDLVNEEATGQFRVYPELPKPSISSNNSKPV 
EDia)AVAFrCEPETQDATYLWV]SINQSLPVSPRLQLSNG>niTLllJEW™ 
DTASYK(:mQNPVSARRSDSVIIJm.YGPDAPTISPLNTSYRSGENL!^CHA 
ASNPPAQYSWFVNGTFQQSTQELHPNITVNNSGSYTCQAHNSDTGLNRTTVT 

LQI^^ID^IRlLTIXSVTRl«tDVGPYECGIQNELSVDHSDPVIL^^Va.YGP 

SYTYYRPGVl^I^CHAASl^PAQYSWIJDGMQQHTQELHSNITEK^ 

CQANNSASGHSRTTVKTrrVSAELPKPSISSNNSKPVEDKDAVAFTCEPEAQN 

TTYLWWVNGQSLPVSPRUiI^NG^^RTLTIJW^R^IDARAYVCGIQNSVSAN 

RSDPVTIJJVLYGPnrPnSPPDSSYI^GANimSCHSASNPSPQYSWRmGIPQQ 

H^JVmAKIIPN^INGTYACFV'S^^.ATGRl^SIVKS^^ 

GIMIGVLVGVAU 

Hei2/neu SEQ ID NO: 364 

MELAALCRWGIJXAIXPPGAASTQVCTGTDMKIJRIJ»ASPETHLDML^ 
HLYQGCQWQGimLTYIJTNASLSELQDIQEVQGYVLIAHNQVRQVPLQRL 
Rr\^GTQli^bnrALAVII)NGDPIJSINTTPVTOASPGGIJ^^ 
VLIQRM'QLCYQDmWKDIFHKl<n<rQLALTLroTNRSRAC^ 
WGESSEDCQSLTRTVCAGGCARCKGPIJ>TDCCHEQCAAGCTGPKHSDCLAC 
li3FmiSGICELHCPALVTYNTDTFESMPNPEGRYITOAS(^ 
GSCII.VCPLHNQEVTAEDGTQRCEKCSKPCARVCYGLGMEHLREVRAVTSA 
MQEFAGCKKIFGSLAELPESFDGDPASNrAPLQPEQLQVFErLEEITGYLYISA 
WIT>SIJ>DI^WQl^\aRGRIUiNGAYSLTLQGLGISWLGmsmELGSGLALI 
HHNTHLOFVHTWWDQIJ^U^HQAmn'Al^ 

CWGPGFTQCVNCSQFLRGQECVEECRVLQGLPREYVNARHCXPCHPECQPQ 
NGSVTCTGPEADQCVACAHYKDPPICVARa»SGVKPDLSYMPIWKFPDEEGA 
CQPC™(nBSC^L£)DKGCPAEQRASPLTSnSAWGlII.VVVmV^ 
RQQKmKYIMRRIXQETELWLTPSGAMtNQAQMRII^ 
APQTVYKGIWDCffiNVKIPVAIKVIJlENTSPKANK^^ 
SRIXCHCXTSTVQLVTQLMPYGOIJDHVRENRGRmSQDmW 
SYl^DVRLVHRDLAARNVLVKSPNEWKITDFGLARIJJ^ 
IKWMAI^ILRRRFraQSDWSYGVTVWELMTFGAKPYDGIPAREIPDIIJEK 
GBRIJ>QPPI(:rnDVYMIMVKCWMn3SE(3U»RniELVSEFSRMARDPQRFV^ 
l^LGPASPUJSTFYRSIJLEDDDMGDLVDAEBYLVPQQGEFCPDPAPGAGGM 
• VHHRHRSSSTRSGGGDLTLGDBPSEEEAPRSPLAPSEGAGSDVFDGDLGMGA 
AKGLQSIJTHDPSPLQRYSEDPTVPLPSETDGYVAPLTCSPQPEYVNQPDVRP 
QPPSPREGPIPAARPAGAMRPKTLSPGKNGVVKDVFAFGGAVENPBYLTPQ 
OOAAPQPHPPPAFSPAFD^lLYYWDQDPPERGAPPSTFKGTPTAENPEYLGLDV 
PV 
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Table 25 TAA sequences (cont.) 



MAGE2 SEQ ID NO: 365 

MPLEQRSQHCKPEEGLBARGEALGLVGAQAPATEEQQTASSSSTLVEV 
TLGEWAADSPSPPHSPQGASSFSTTINYTLWRQSDEGSSNQEEEGPRMFPDLB 
SBFQAAISRKMVELVHFUXKYRAREPVTKAEMUESVUWCQDF^ 
EYLQLVFGIEWEWPISHLYILVTCLGLSYDGLLGDNQVMPKTGLLnVLAnA 
ffiGDCAPEEKIWEELSMLEVFEGREDSVFAHPRKLLMQDLVQENYLEYRQVP 
GSDPACYEE^.WGPRAIJETSYVKVUfflILKIGGEPmSYPPLHERALREGEE 

MAGES SEQ ID NO: 366 

MPLEQRSQHCKPEEGLEARGEALGLVGAQAPATEEQEAASSSSTLVEV 
TLGBVPAAESPDPPQSPQGASSLPTIMNYPLWSQSYEDSSNQBEEGPSTFPDLE 
SEFQAAI^RKVAELVHFIXLKYRAREPVTKAEMLGSVVGNWQYFFPVIFSKA 
SSSLQLWGIELMEVDPIGHLYIFATCLGLSYDGIl.GDNQIMPKAGLLirVLAn 
AREGDCAPEEKIWEEL^VLEVFEGREDSILGDPKKLLTQHFVQENYLEYRQVP 
OSDPACYEFLWOPRALVETSYVKVLHEINIVKISGGPfflSYPPLHBWV^ 

p53 SEQ ID NO: 367 

MEEPQSDPSVEPPI^QETFSDLWm.PENNVLSPLPSQAMDDLMLSPD 
DmQWFTEDPGPDEAPRMPEAAPPVAPAPAAPTPAAPAPAPSWPLSSSVPSQK 
TYQGSYGFR1X5IOISGTAKSVIXJITSPAIJSIKMFCQLAKTCPVQLWVDSTPPP 
GTRVRAMAIYKQSQHMTEVVI^CPHEmCSDSDGI^PQHIJRVEGNLRVEY 
lI)DRNTFRHSVVWYEPPEVGSDCnTIHYNYMCNSSCMGGMNRia>ILT^^ 
DSSGNLLGRNSEEVRVCACPGRDRRTEEENLRKKGEPHHDELPPGSTXRALPN 
NTSSSPQPKKKPLDGEYFELQIRGRERFEMFRELNEALELKDAQAGKEPGGSR 
AHSSHLBKKKGQSTSRHBCKIMFKTEGPDSD 



824S1_1.D0C 
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Table 26; CEA-derived B44 peptides 



Seq D Sequence 
No. 


AA 


Protein 


Position 


1801 


B* 
4001 


B* 

4002 


B* 

4402 


4403 


B* 
4501 


Degeneracy 




n 
V 


v.'iiA 


40 


'i eft 

359 


•Jit 


OU 


179 


1.5 


16i 


6 


369 QBLFIPNrrV 


10 


CBA 


282 


81 


121 


27 


48 


2.6 


14 


6 


370 lESTPFNVABO 


11 


CBA 


38 


87 


1074 


352 


89 


8.7 


84 


5 


371 YBCGIQNBL 


9 


CEA 


391 


82 


71 


53 


452 


5.3 


855 


5 


372 YBCGIQNELSV 


11 


CBA 


391 


9.2 


28 


26 


1714 


0.46 


155 


5 


373 MBSPSAPPHRW 


11 


CEA 


1 


12 


943 


1915 


5.3 


41 


359 


4 


374 IBSTPFNVA 


9 


CBA 


38 


14 


2542 


36 


19,157 


1.2 


13 


4 


375 ABGKBVLLLV 


10 


CBA 


46 


5135 


69 


408 


223 


8.6 


994 


4 


376 KBVLLLVHNL 


10 


CBA 


49 


893 


1.0 


4.4 


326 


2.3 


2512 


4 


377 REHYPNASL 


10 


CBA 


98 


4340 


0.57 


7.5 


412 


1.7 


954 


4 . 


378 RBIIYPNASLL 


11 


CEA 


98 


1788 


2.4 


12 


57 


038 


1777 


4 


379 CBTQNPVSA 


9 


CEA 


215 


73 


7016 


261 


- 


10 


15 


4 


380 QELPIPNrr 


9 


CEA 


282 


125 


4361 


172 


1217 


3.0 


18 


4 


381 PBAQNTTYLWWV 


12 


CBA 


525 


205 


3802 


1097 


414 


183 


25 


4 


382 GERVDGNRQII 


11 


CEA 


70 


764 


278 


18 


871 


1.3 


~ 


3 


383 NBEATGQFRVY 


11 


CEA 


131 


7.7 


3252 


999 


9.6 


69 


3986 


3 


384 CEPETQDAT 


9 


CEA 


167 


4009 


3646 


410 


5450 


50 


97 


3 


385 GENLNLSCHA 


10 


CBA 


252 


14,373 


1341 


357 


8610 


5.3 


271 


3 


3£6 GBNLNLSCHAA 


11 


CBA 


252 


7838 


4557 


63 


1907 


9.0 


32 


3 


387 QELFIPNI 


8 


CEA 


282 


127 


5815 


147 


1339 


8.5 


1319 


3 


388 CBPEIQNTTYL 


11 


CEA 


345 


129 


287 


1603 


1245 


60 


11,981 


3 


389 PBIQNTTYLWW 


11 


CEA 


347 


172 


749 


1045 


17 


227 


1365 


3 


390 PEIQNTTYLWWV 


12 


CEA 


347 


517 


511 


29) 


167 


66 


932 


3 


391 NELSVDHSDPV 


11 


CEA 


397 


49 


1704 


1128 


1615 


38 


78 


3 


392 QBLPISNrr 


9 


CEA 


460 


530 


6571 


58 


2334 


3.9 


80 


3 


393 PBAQNTTYLWW 


11 


CBA 


525 


147 


2096 


3090 


121 


79 


2005 


3 


394 QERYDGNRQI 


10 


CEA 


70 


9395 


1933 


49 


2544 


13 


19t464 


2 


395 NEEATGQFRV 


10 


CBA 


131 


998 


~~ 


** 


4536 


471 


405 


2 


396 EBATGQRRV 


9 


CBA 


132 


611 


803 


1025 


1602 


82 


13 


2 


397 EEATOQFRVY 


10 - 


-CBA 


132 


64 • 




1532 


26 


•1041 


1374 


2 


398 VBDKDAVAr 


9 


CEA 


157 


94 


121 


1583 


963 


1443 




2 


399 OTPBTQDATYL 


11 


CEA 


167 


831 


311 


33Bo 


398 


807 




2 


Ann \rar\'DT\ A\r k 1 


9 


LdA 


QIC 


840 


11 


20Q3 


9o91 


51 




2 


4U1 LiSrBIQW 1 1 1 LWW 


to 
13 


CdA 


345 


204 


IfVIT 
IVAi 


3507 


12 


508 


865 


2 


AiVi HfBirOkPTWl 

*HU rt&ii^ri 1 1 I Li 


A 

y 


f*OA 


HAf 

347 


dot 


13o 




lOfOlQ 


231 


1825 


2 


Afn APT Diroci 


e 
0 






/*fZ3 




131 


75y 


19 


OiCftO 
2o00 


2 


W4 roAv^iN III 


a 
0 


Uo/v 




1AO 


4574 






tit 
70 


3255 


2 


405 ABGKEVLL 


8 


CEA 


46 


11.455 


1311 


5303 


17.268 


129 


14,165 




406 ABPPKPFrr 


9 


CEA 


320 


14,614 


7067 


3438 




214 


1838 




407 CBPBIQNTT 


9 


CBA 


345 


8575 


10.080 


1453 


19.027 


119 


2401 




408 CBPEIQNTTY 


10 


CBA 


345 


1459 






49 


14.596 






409 PBIQNTTYLW 


10 


CEA 


347 


819 


3301 


9423 


13. 


6173 


10.011 




410 QBLFISNI 


8 


CBA 


460 


889 


6396 


1175 


2282 


70 


1172 




411 TBKNSGLY 


8 


CEA 


468 


211 


9851 


7117 


1868 


605 


10.248 




412 IBKNSOLYT 


9 


CBA 


468 


713 


7522 


1724 


6134 


99 


1850 




413 CEPBAQNTTY 


10 


CBA 


523 


9525 






61 




17330 
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Seq ID Sequence 


AA 


Protein 


Pdsilion 


B* 


B* 


B* 


B* 




B' 


Degeneracy 


MO. 










1801 


4001 


4002 


4402 


4403 


4501 


414 


CEPBAQNTTYL 


n 


CEA 


523 


962 


2184 


11,723 


3419 


131 


2450 


1 


415 


PEAQNTTYLW 


10 


CEA 


525 


17,082 


- 


- 


27 






I 


416 


NBEATGQF 


8 


CEA 


131 


7326 




- 


8366 


17,054 


17.737 


0 


417 


PELPKPSl 


8 


CEA 


142 


9106 


- 


- 


- 


5143 




0 


418 


VEDKDAVAFT 


10 


CEA 


157 


1434 


11,648 


2077 


16,919 


803 




0 


419 


CEPETQDATY 


10 


CEA 


167 


1353 


- 


- 


787 


536 




0 


420 


PETQDATY 


8 


CEA 


169 


10.803 


- 




6343 


19.466 




0 


421 


PBTQDATYL 


9 


CEA 


169 


13.219 


1374 




* 


2488 


13,430 


0 


422 


PBTQDATYLW 


10 


CEA 


169 


9346 






850 


915 




0 


423 


PBTQDATYLWW 


11 


CEA 


169 


5308 




__ 


2819 


600 


11.631 


0 


424 


CBTQNPV 


7 


CEA 


215 


5798 


18,808 


7450 


13,463 


819 




0 


425 


AEPPKPFI 


8 


CEA 


320 


12.800 






13.720 


904 




0 


426 


VEDEDAVALT 


10 


CEA 


335 


7275 


895 


2359 


6668 


2682 




0 


427 


PEIQNTTY 


8 


CEA 


347 


1023 


7274 






1618 




0 


428 


CEPBAQNTT 


9 


CEA 


523 


15^94 


11.134 






1212 


2579 


0 


429 


PEAQNTTYL 


9 


CEA 


525 


9500 


3092 


9280 




1840 




0 
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Table 27: HER2/new-derive"d B44 peptides 



Sequence 


AA 


Protein Position 


B* 

1801 


B* 

4001 


B* 

/inn? 


B* 


B* 


B» 


Degeneracy 


430 MBLAALCRWGL 


11 


Her2/neu 


1 


6.4 


Oil 
24 




1 / 


n 07 


110 


0 


431 LBLTYLPTNASL 


12 


Her2/neu 


60 


88 


38 


^1 
31 




1 7 


3/ 


0 


432 QBVQOYVLI 


9 


Her2/neu 


78 


42 


36 




43 


1 1 

1.7 


92 


£ 

0 


433 GBGLACHQLCA 


11 


Her2/neu 


506 


62 


39 


97 


159 


2.7 


196 • 


6 


434 ABQRASPL 


8 


Hf!f7/nftn 


644 


16 


73 


13 


243 


0.38 


120 


6 


435 ABQRASPLTSl 


U 




644 


467 


19 


58 


5.1 


2.5 


11 


6 


436 KEILDBAYVM 


10 




765 


13 


5.5 


4.0 


35 


'3.3 


234 


6 


437 OBRLPQPPI 


9 




938 


62 


71 


3.3 


27 


1.1 


15 


6 


438 SECRPRFRBL 


10 


nen/ucii 




80 


307 


18 


11 


0.20 


25 


6 


439 A0^PBYLGL 


9 




1243 


17 


2.2 


271 


45 


2.5 


155 


6 


440 RELQLRSLTEI 


U 


rxcr^ucu 


I JO 


261 


2,8 


3.7 


125 


0.99 


269 


6 


441 QEPAGCKKJFO 


11 




362 


211 


423 


477 


37 


'2.1 


138 


6 


442 LBErrOYLYlSA 


12 


HAr7/nMi 




35 


177 


78 


323 


4.6 


110 


6 


443 SEPSRMARDPQRP 


13 




974 


44 


454 


45 


54 


11 


361 


6 


444 NBDLGPA5PL 


10 


rtcrfi/neu 




107 


281 


150 


40 


6.0 


231 


6 


445 SBBBAPRSPL 


10 


ncrx/ucu 




151 


155 


217 


37 


8.4 


84 


6 


446 SETDGYVAPL 


10 




1122 


94. 


214 


184 


386 


24 


302 


6 


447 LELTYLPTNA 


10 




60 


332 


325 


10 


6428 


3.1 


24 


5 


.44« QBVQGYVL 


a 




78 


3.4 


28 


5.0 


1307 


0.92 


33 


5 


449 FBDKYALAV 


9 




108 


9.5 


11 


6.2 


9942 


0.42 


154 


5 


450 RELQLRSLT 


9 


nvtA* uvu 


138 


638 


316 


13 


465 


0.20 


162 


5 


451 MEHLREVRA 


9 




347 


233 


— 


386 


38 


3.2 


19 


5 ' 


452 MEHLREVRAV 


10 


H6r2/n6u 


347 


72 


*- 


160 


180 


13 


140 


5 


'453 MBHLRBVRAVTSA 


13 


Hef^neu 


347 


77 


5662 


120 


281 


21 


16 


5 


454 QEFAGCKKIF 


10 


AAVB Mm Uvia 


362 


53 


3686 


12 


4.0 


3.6 


115 


5 


455 EBrrGYLYISA 


11 


Hef2/neu 


404 


094 


1440 


52 


4.5 


2.1 


0.93 


5 


456 RELOSGLAL 


9 


Hei2/oeu 


459 


359 


3.7 


0.9 


473 


0.97 


2262 


5 


457 RELOSOLAU 


10 


Hei2/neu 


459 


4810 


22 


4.4 


32 


0.78 


324 


5 


.458 GBGLACHQL 


9 


Hei2MeQ 


506 


13.766 


14 


88 


66 


11 


340 


5 


459 RBYVNARHCL 


10 


.Hei2/iieu 


552 


1327 


39 


. 4,8 


106 


0J>7 


126 


5 


4tiD EBQACQPCPi 


10 


Her2/neu 


619 


119 




340 


52 


80 


401 


5 


461 ABQRASPLT 


9 


Hei2/aeu 


644 


346 


874 


183 


103 


1.8 


1 A 

10 


c 
9 


462 QEIBLVEPL 


9 


Het2yneu 


692 


12 


9.1 


3o 


310 


3.3 


1232 




463 QBTBLVBPLT 


10 


Her2/neu 


692 


1 c 

15 


293 




1017 


IJ 


Zoo 




464 GBNVKIPVAI 


10 


Her2/iieu 


743 










7 ft 




5 


465 RELVSBPSRM 


10 


Her2Meu 


970 


9.1 








n 17 


1771! 


e 


466 RBLVSBFSRMA 


11 


Hei2Meu 


970 


KB 
lOo 


101 




7tfC1'l 

4&0I J 






c 


467 AEBYLVPQQGFP 


12 


Her2/neu 


1020 


124 


262 


589 


24 


49 


172 


5 


468 SBDPTVPL 


8 


Her2/aeu 


1113 


103 


71 


161 


9450 


2.0 


308 


. 5 


4^69 SBTDOYVAPLT 


U 


Hfii2/neu 


1122. 


66 


125 


224 


1225 


22 


45 


5 


470 AENPBYLGLDV 


11 


Her2/neu 


1243 


11^ 


28 


139 


69 


3.0 


24 


5 


471 MBLAALCaiW 


9 


Hci2/ncu 


1 


7.5 


4301 


141 


26 


15 


1140 


4 


472 MBLAALCRWO 


10 


Hei2/aea 


1 


102 


8684 


1840 


5.7 


135 


408 


4 


473 QBVQOYVLIA 


10 


Her2/neu 


78 


61 


772 


64 


1871 


15 


11 


4 


474 FEDNYALAVL 


10 


He(2/aeu 


108 


321 


6.2 


48 


2844 


3.8 


3095 


4 


475 RELQLRSL 


8 


Hei2/nea 


138 


42 


49 


5.9 


2248 


0.62 


1372 


4 
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IDNO Sequence 


AA 


Protein 1 


Position 


1801 


B* 

4001 ' 


B* 

4002 


B* 

4402 


B* 

4403 


B* 

4501 


Degeneracy 


4/0 iDJLJVUUVLi 


9 


nvi M iivU 


146 


125 


30 


14 


697 


0.28 


2480 


4 


Ann 'mn vnnvi 1 


10 
i u 




Id6 


1021 


241 


294 


24 


21 


7600 


4 


4 / o UOdOClAA^O 1# 


in 




206 




8.1 


23 


427 


5.1 


2491 


4 




1 1 
i 1 






101 


4322 


311 


943 


21 


10 


A 
H 


AtLti Dnrso VTUn AQPV 




ncrz/iicu 






2,6 


6.1' 


1410 




JJU 


4 


4ol RJdVRAvToA 


o 
y 


nerz/neu 




MA 




07 


'tlIkO 


n 1ft 

U. ID 


0 % 
V»3 


A 
4 


482 RBVRAvTSANI 


1 1 


Her2/neu 


351 


4491 


1 / 




lOoU 


1 ff 
I.O 


Att 

421 


4 


483 BBITGYLY 


8 


Her2/Qeu 


404 


20 


5713 




3o 


83 


238 


4 


484 EBFTOYLYI 


9 


Her2/neu 


404 


86 


WO 


yio 


14 


IZi 


Oil 

94 


A 

4 


485 BBrrGYLYISAW 


12 


Her2/Deu 


404 


36 


837 


lyoo 


37 


87 


57 


4 


486 QECVBECRVL 


10 


Her2/iieu 


538 


♦ 315 


444 


399 


606 


22 


2863 


4 


487 VEBCRVLQGL 


10 


Hei2/aeu 


541 


270 


227 


5815 


237 


189 


16,094 


4 


488 GBNVKIPVA 


9 


Hei^ncu 


743 


1508 


293 


3.0 




1.7 


13 


4 


489 KBILDBAYV 


9 


Her2/Qeu 


765 


1358 


62 


43 


6466 


8.4 


42 


4 


490 KEttDBAYVMA 


11 


Her2/aeu 


765 


731 


252 


95 


11,514 


64 


123 


4 


491 DBAYVMAGVG 


10 


Her2/neu 


769 


122 


203 


154 


4033 


5609 


218 


4 


492 TEYHADGGKVPI 


12 


Her2/neu- 


875 


632 


195 


7.1 


3342 


1.4 


361 


4 


493 GERLPQPPICn 


12 


Hei:2/Deu 


938 


8538 


398 


95 


935 


0.60 


40 


4 


494 ABBYLYPQQOF 


11 


Her2/neu 


1020 


125 


584 


1831 


21 


99 


268 


4 


495 EBYLVPQQG 


9 


Her2/ncu 


1021 


66 


10,344 


176 


2200 


126 


131 


4 


496 EBYLYPQQGF 


10 


Hei2/oeu 


1021 


12 




2551 


21 


1 1 


73 


4 


497 EBYLVPQQGFP 


11 


Hef2/aeu 


1021 


94 


4291 


1695 


78 


168 


154 


4 


498 BEEAPRSPL 


9 


Hcr2/neu 


1067 


902 


4490 


316 


177 


362 


307 


4 


499 BBAPRSPLA 


9 


Her2/neu 


1068 


486 


10,707 


4900 


200 


294 


44 


4 


SCO REGPLPAARPA 


11 


Her2/neu 


1153 


157 


543 


78 




4.2 


347 


4 


501 RELQLRSLTBIL 


12 


H«2/ncu 


138 


1252 


15 


26 


2286 


0.50 


865 


3 


502 GESSEDCX^SLT 


11 


Hei2/iieu 


206 


742 


48 


180 


14,386 


40 


2158 


3 


503 CELHCPAL 


8 


Hei2/nett 


264 


150 


871 


259 


4361 


39 




3 


504 CBLHCFALV 


9 


Her2/ncu 


264 


136 


4805 


319 


2308 


52 


1110 


3 


505 CELHCPALVT 


10 


Her2/aeu 


264 


80 




65 


933 


18 


1275 


3 


506 CELHCPALVTY 


11 


Her2/iieD 


264 


12 


3469 


3198 


140 


89 


2779 


3 


507 PBSMPNPBO 


9 


Hei2/neu 


279 


6068 




59 


14,846 


20 


155 


3 


508 FBSMFNPBQRY . 


-U 


xBer2/jiea 


.279 


74 


30QO 


^3533 


59 


• 70 


1394 


3 


509 QBFAGCKKI 


9 


Hei2/neu 


362 


1120 


730 


131 


o5 


AA 

44 


ZOo4 


3 


510 FBTLBErrGYL 


11 


Her2/neu 


400 


133 


fO 


A A a 

o4y 


/4yU 


A*S 

4Z 


zzuu 


3 


511 LBEriuYLYI 


10 


iiei2/aeu 




iAI 


01A 
Jrl4 






14j 


14oo 


1 
3 


31Z r£LUcLVUcUL> 




tieiz/ueu 




IJD f 


078 










o 


513 UBCVUdvjI-* 


Q 
O 


nerz/ncu 


JVC 


AQ 




•tOI 


7^0 








<1>l fni \/17D1 TDO/l A 

3 14' inLfVcrLiiroUA 


1*) 


UmO/fliMi 

nexx/ucu 


MA 


10/ 


4104 




11 1R 

«il 10 


28 




a 


<K PRMTOPITAMimn 

^ 19 KdTi lorJvArilvDlJL 


I J 








5^ 


64 




8.6 


9105 






o 
o 






9,7. 


921 


430 


7485 


74 


2646 




Dlf UoAIYMAUV 


0 


nerz/ucu 


fOjr 


JO 


5327 


1245 


8006 


138 


161 




3 15 LlMlLtvKKr 


o 


ticrz/iiCu 


071 






3475 


5.8 




19 Otfl 




5 19 WBLMTFQ AKP Y 


U 


nfif2/neu 


oil 
913 


13 






*>A 




191A 
IZIO 


3 


520 RBIPDLUBKGERL 


13 


Her2/Qeu 


929 


3212 


34 


226 


2914 


31 


14,043 


3 


521 aBRLPQPPICT 


11 


Hei2/neu 


938 


12,486 




23 


9094 


3.9 


15 


3 


522 S6CRPRFRBLV 


11 


Hei2/Deu 


963 


1996 


3673 


121 


927 


18 


118 


3 


523 SBQAOSDVF 


9 


Her2/neu 


1078 


74 


5627 


6525 


33 


192 


6960 


3 


524 PBYLOLDVPV 


10 


Hei2/oea 


1246 


613 


352 


35 


1371 


1.7 


610 


3 


525 CBKCSKPCARVCY 


13 


Hei2/neu 


331 


763 


16.796 


1292 


340 


117 


1815 


2 



212 
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SBQ 
ID NO 


Sequence 


AA 


Protein 


Position 


B* 

1801 


B* 

4001 


B* 

4002 


526 


MEHLRBVRAVT 


11 


Hei2/neu 


347 


1064 


1963 


2207 


527 


LJBEITOYL 


8 


Hef2/neu 


403 


242 


830 


1805 


528 


DFRfiArOPCPl 


11 


Hftr2/neu 


6)8 


451 


5517 


7293 


J Ay 


TRI VRPl 


7 






1 vu 


14,164 


1258 


jSSI 


VRPf TPQnA 




nviMucu 


oy / 






96 




KTiTBT J> ITV VV 
IU» 1 X>U\I^ Y 1\»T 


1 w 




#10 






68 




TBLRIs.VK.VLr 


0 


ner//neu 


/lb 






1 1 


533 


LBD Y KLYnRDL 


1 1 


nerZ/neu 


836 


729 




dAX 


534 


TEYHADOOKV 




riei2/Q9U 


OK 

875 








535 


LESILRRRFT 


10 


Her2/neu 


891 


82 




1 189 


536 


LSDDDMODL 


9 


nei2/neu 


1009 


191 


556 


351 


537 


AEEYLVPQQG 


10 


Hei2/neu 


1020 


723 






538 


SEEBAPRSPLA 


11 


Her2/ncu 


1066 


1318 


3604 


5110 


539 


SBGAOSDVroO 


11 


Her2/aeu 


1078 


928 


3751 


5695 


540 


PBYLTPQGOAA 


11 


Her2/iieu 


1194 


1724 




200 


541 


PERGAPPST 


9 


Her2/Deu 


1228 


390 


4744 


7679 


542 


PBTHLDML 


8 


Her2/neu 


39 


1954 


8387 


6118 


543 


raTHLDMLRHL 


11 


Hei2/neu 


39 


1322 


700 


2971 


544 


SBDCQSL 


7 


Hei2/neu 


209 


18,245 


2691 


14,258 


545 


HBQCAAGCT 


9 


Hci2/aeu 


237 


1995 




I'itll 


546 


PEGRYTPGASCVT 


13 


Hei2/ncu 


285 


6602 


4411 


3286 


547 


QBVTAEDOT 


9 


Hrt2/neu 


320 


5207 




3122 


548 


CBKCSKPCA 


9 


Hei2/aeu 


331 


3740 




2703 


549 


CBKCSKPCARV 


11 


Hei2/aeu 


331 


1167 


4103 


2079 


550 


REVRAVT 


7 


Her2/iieu 


351 


8564 


3136 


725 


551 


PBTLBEI 


7 


Her2/acu 


400 


1518 


7621 


2110 


552 


PETLEEITGY 


10 


Hei2/aeu 


400 


671 






553 


DBCVGBGLAQIQL 


13 


Hef2/iieu 


502 


586 


4421 


3965 


554 


QBCYEBCRV 


9 


Het2/tieu 


538 


15,799 


8755 


1664 


555 


VBBCRVLQO 


9 


Hei2/aeu 


541 


1528 


8947 


7622 


556 


BECRVLQGL 


9 


Hef2/neu 


542 


890 


7076 


2029 


557 


PBOQPQNGSV 


10 


Hei2/neu 


565 


7962 






558 


l^LtVEPLTPSG 




^.Hei2/aeu 


^.^694 


601 


-2978 


^3703 


559 


« rnm men a 

VJU'LTrSuAM 


10 


Hei2/iieu 


097 


4o4y 


1067 


584 


560 


KcTBLRKVKVL 


1 1 


Hefz/neu 


716 






I0O6 




TOT Ttmtv\n n. 
TnLKKYKVLU 


10 


ncrz/neu 


71Q 


/Zl 




OUl 






o 

y 




070 
o/J 


I^Q 










in 




873 


613 




16,801 




RRTPDT 1 JllCn 


10 




929 


■649 


4493 


814 




uDwIVE EvT 


7 




963 


926 


18,181 


1157 






in 

Iv 


ncrz/Dvu 


1067 


6611 








RRAPnQPI 


Q 
O 


ncidfifucij 


1068 


1191 


3489 


1611 


JOS 








1078 


1563 


52 


2097 




ru Y V rK^ru v 


Q 


ncr«/acu 


11 n 


R31 




1 JOl 


570 


YBNPBYLTPQG 


11 


Her2/neu 


1191 


8386 






571 


PBYLTPQGG 


9 


Hei2/aeu 


1194 


1456 


18.951 


13.860 


572 


PEROAPPSTF 


10 


Her2/neu 


1228 


1062 


14,884 


3437 


573 


PBTHLDM 


7 


Hei2/neu 


39 




15,506 




574 


SBDCX2SLTRT 


10 


Hei2/iieu 


• 209 


7257 


8550 


11,529 


575 


HEQCAAGCTO 


10 


Her2Aieu 


237 


3805 


6126 


8285 



213 
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B* 

4402 


B* 

4403 


B* 

4501 


Degene 


795 


111 


74 


2 


8036 


403 




2 


968 


438 


1323 


2 


8854 


66 




2 


8516 


101 


17 037 


9 








A 


IRdA 


9 S 




L 


Olo 


yi 




*> 


901 1 

zyi 1 




1371 


2 


34 


657 


2251 


2 


722 


900 


6251 


2 


1549 


479 


127 


2 


8S50 


158 


27 


2 


374 


286 


3008 


2 




354 


4011 


2 


1116 


178 

83 


7767 


2 


11,534 


70 


4329 




8248 


431 


19,225 




14,068 


178 


2S^74 




1560 


456 


1198 




7886 


66 


1843 




12,538 


342 


8007 




9594 


101 


1561 






29 








69 






262 


1679 






3093 


468 


5888 




4348 


210 


4542 




12,730 


305 






111 

lit 


4j4 


1 ISO 




12,964 
















4368 


108 






71^1? 

/ uo 


71 


19 9*57 






lA 
14 


19 RII: 








13 343 




3891 


269 






1270 


13 


1977 




852 


48 


8856 




3128 


960 


14 




3020 


171 


1926 




1595 


749 


3001 






4o 


2530 




17,337 


11 


4188 




6532 


284 


18.990 




6871 


208 


15,700 






5081 




0 


518 


2857 


5178 


0 


3168 


806 


2072 


0 
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SBQ 
ID NO 


Sequence 


AA 


Pfolein 


Position 


B* 

1801 


B* 

4001 


B* 

4002 


B* 

4402 


B* 

4401 


B* 

4501 


Degent 


576 


PBGRYTPGA 


9 


Her2/neu 


285 


5252 








658 


15,1 19 


0 


577 


PESFDODPA 


9 


Her2/neu 


378 


14,489 


11,550 






1 170 


4418 


0 


578 


PEQLQVFET 


9 


Her2/neii 


394 


1798 


1 1,635 




5814 


4659 


9322 


0 


579 


PEOLOVFETL 


10 


Her2/neu 


394 


1314 




4890 


6107 






0 


580 


PHOLOVPHTLHBI 


13 


nM AT mmu 




9147 


5393 










0 

V 


58i 




g 






1750 


14,182 


8715 




r JJ 




A 
V 




OCDI 1 \J I 


n 
1 




An** 


8594 


17 584 


1 1 ,496 




ORO 




A 
U 


JOJ 


1 nRITflVI V 


0 


ncrz/ucu 










Rift 






A 
U 






in 


UbvO /nail 


434- 














u 




PBUECVUdO 


y 


Kei2/neu 


500 


1 1 ,794 


y3i 


04/ 


7327 


559 




0 


586 


PEDECVuBuLA 


1 1 


Her2/aeu 


500 


6685 






4217 


1933 




0 


587 


DoCVOBULA 


9 


Her2/neu 


502 


1006 




3131 


14^445 


506 


1114 


0 


588 


PBCQPQNGSVT 


1 1 


Hei2/neu 


565 


8882 






5093 


2353 




0 


589 


PECQPQNGSVTCr 


13 


Hei2/aeu 


565 


4787 


1772 


8115 


3564 


2161 




0 


590 


PEADQCVACA 


10 


iff M t - 

Her2/neu 


579 


10,271 




16,262 


6242 


2155 


1486 


0 


59i 


PEADQCVACAHY 


12 


Her2/neu 


579 


2819 


12,352 


11,420 


1163 


3516 


3057 


0 


592 


LBDVRLV 


7 


Her2/neu 


836 


16,473 


17,438 






2658 




0 


593 


DBTBYHA 


7 


Her2/neo 


873 


6105 




18.324 




10.523 




0 


594 


LEDDDMGDLV 


10 


Her2/neu 


1009 


9176 


2963 


3596 


6746 


3641 


10,475 


0 


595 


LERPKTLSPG 


10 


Hef2/neu 


1167 


10.194 






2333 


1400 


7162 


0 


596 


VENPBYL 


7 


Her2/Den 


1191 




14,701 




14,253 


12.085 




0 


597 


PBYUPQGGA 


10 


Hei2/nea 


1194 


7436 






9016 


5779 


15,093 


0 
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Table 28: p53-derived B44 peptides 



S6Q 
ID NO 


Sequence 


AA 


Protein 


Position 


B* 

1801 


4001 


d' 

4002 


Bit 

4402 


B* 

4403 


B* 

450 1 


Degeneracy 


598 


RBRFBMPRBL 


10 


p53 


335 


83 


29 


17 


17 


0.34 


422 


6 


599 


GBYFTLQIRO 


10 


p53 


325 


108 


88 


19 


2452 


3.9 


157 


5 


6O0 


QBTFSDLWKL 


10 


p53 


16 


736 


199 


255 


39 


14 






601 


DBAPRMPBA. 


9 


p53 


61 


84 


297 


4577 


6448 


Oft 


tn 


A 
•r 


602 


n I/O i./vj 1^ 


10 




179 




171 


61 


ItwO 


A (\ 
O.U 


1 rZJ 


A 


fim 


Y CI LJL/L/Cvli 1 r 


10 


p53 


203 


n od 


501 


J / 




1 A 


joui 


A 

4 


ow 


riSYKYLiAUrU 




poj 




AA 
04 


£\rtJ 


A 0 


loll 


A TA 
U.70 


1872 


4 


OlD 




o 
o 




IK 


f 1 l*i 


1 IZ 


An 
ou 


3511 


1 n 
1.0 


261 


4 








p33 


3Jo 


xp 


32u7 


223 


95Z 


2.0 


208 


4 


Atn 


T7C7K4iroT}I KID A T 


1 1 


p53 


no 


475 


17 


O 0 
0.0 


748 


1.1 


1352 


4 


OOo 


DDT KID A ■ Dt 


9 


p53 


342 


3000 


15 


30 


256 


M 


3337 


4 


ouy 


IcQWrTBUrU 




p39 


CA 


151 


1250 


2ll4- 


5595 • 


142 


197 


3 


OlD 


\rD/^Vtt D\rDVT 

VEQNuRYBYL 


10 


p53 


197 


104 


481 


2565 


1963 


22 


15,189 


3 


All 
oil 


U cr rlnsLfr rU 




p33 


293 


1 AO 

108 


3323 


1 ooo 


11,728 


4.4 


20 


3 




*ivr\n/3nrM3 A dd x^f 
Ici/KvjJrIJDArKM 


12 


p33 


cc 
35 


570 


3ol 


l32o 


2791 


141 


1702 


2 


All 


T\0 A DD XiftaD A A 


lU 


p53 


Al 


121 


1 Aort 
1497 


8444 


2594 


1037 


100 


2 


0 14 




n 

y 


p^J 


179 


1 1 1 Q 


A"! 

o7 




2032 


208 


13390 


2 




UDD/^cr\cr\m a 
HcKlJoL/olAiLA 


1 1 


p53 


179 


1408 


4879 


1915 




96 


186 


2 


OlO 


LcDoouNL 


8 


pS3 


257 


17,736 


782 


108 




211 


15.946 


2 


A IT 

01/ 


LdDooUNLL 


9 


p53 


257 


1140 


2.2 


Till 


1865 


43 




2 


Olo 


UfirnnsLrrUST 


iz 


p53 


293 


•90 lit 

3814 




54>iB 


4477 


413 


132 


2 




csiSKrliMr* 


/ 


p53 




1 DA 

loU 


4u/y 






108 




2 


Ann 


LiDJUlvUAV^AO 


n 


p53 




1/U 


1 fi TAA 




fi f OA 

51Zo 


30 


1989 


2 


All 


.Mccrv^oJjro V 


in 
Iw 


p53 


1 

1 


o970 


9Qn'> 

3BU2 


lA C9A 


1 AIT 

1927 


816 


175 






\/DDDT OriDT 

V err Lov^C 1 


V 


pDj 


in 
lU 


09 AO 


17tU52 




3186 


236 








VRPPI CniTTR 

V cr r Lol^s 1 r 


in 

iU 


PJJ 


in 
111 


ol4 






Af\A 

41J0 


525 










1 1 




Iw 






/W 




1 AQ 
lOo 


izio 




625 


PRNNVI <2PI 


Q 




A/ 


1 i^n 

1 IJV 




71ft 

/ AO 


11 ITA 


0.0 






626 


DBAPRMPRAAPPV 


13 


pj<? 


61 


583 




2715 




1797 


R7 
0/ 




627 


VBGNLRVBY 


9 


*p53 


197 


832 


12,752 




61 


2583 






628 


VEYLDDRNT 


9 


p53 


203 


1442 






10,071 


157 


13303 




629 


YKTBVQSDCT 


11 


d53 


220 


16,872 




125 


13349 


12,712 


19,199 




630 


YEPPEVOSDCm 


13 




220 


9330 


3530 


689 


3009 


351 






631 


PBVOSDCm 


10 


pS3 


223 


611 


4552 


248 


2293 


2046 






632 


LBDSSGNLLO 


10 


p53 


257 


1062 


531 


697 


7905 


153 


19,256 




633 


IBBENLRKKG 


10 


pS3 


284 










315 






634 


HBLPPOSTKRA 


11 


pS3 


297 


6034 


3974 


3255 




189 


1472 




635 


NEAIBLKDA 


9 


pS3 


345 


1925 


3887 


6640 


4270 


1582 


129 




636 


NBALBLKDAQA 


11 


p53 


345 


742 


6235 


5071 




949 


53 




637 


BEPQSDPSV 


9 


p53 


2 


9454 






5972 


1507 


1620 


0 


638 


QETFSDL 


7 


p53 


16 


8514 


18,350 


12.210 




1612 


18.051 


0 


639 


TBDPOPDEA 


9 


p53 


55 


15.049 


1217 




8035 


2763 


1789 


0 


640 


PBAAPPV 


7 


p53 


67 


14.223 








5429 




0 


641 


PBAAPPVAPA 


10 


pS3 


67 


2638 


5800 


14.593 


2192 


653 


• 901 


0 


642 


PBVGSDCrr 


9 


pS3 


223 


18,612 


1189 




7109 


12.997 




0 


643 


PBVGSDCmHY 


12 


pS3 


223 


1182 


10.188 


7994 


4093 


1939 


2251 


0 


644 


EBBNLRKKQ 


9 


p53 


285 


1464 


687 




3662 


706 


18,421 


0 



215 



wo 2004/052917 



PCTAJS2003/038949 



Table 29: MAGB2-derived B44 peptides 



ID NO 


Sequence 


AA 


Protein 


Position 


B* 
1801 


B* 
4001 


B* 
4002 


B* 
4402 


B*** 
4403 


B* 

4501 


Degene 


645 


LESBPQAAl 


9 


MA0E2 


101 


14 


41 


39 


43 


1.0 


78 


6 


646 


LESBPQAAISRKM 


13 


MAGE2 


101 


26 


264 


46 


427 


14 


102 


6 


647 


SEFQAAISRKM 


11 


MAGE2 


' 103 


7.0 


345 


107 


88 


1.2 


161 


6 


648 


SBFQAAISRKMV 


12 


MAGB2 


103 


47 


300 


25 


111 


3.2 


256 


6 


649 


SEYljQLVFG 


9 


MAGB2 


155 


18 


235 


421 


348 


19 


113 


6 


650 


SBYLQLVPGI 


10 


MAGB2 


155 


5.2 


20 


6.1 


3.7 


0.84 


4.4 


6 


651 


SBYLQLVFGIBVV 


13 


MAGE2 


155 


12 


44 


17 


229 


7.6 


22 


6 


652 


WBBLSMLEVP 


10 


MAGB2 


222 


4.0 


463 


30 


15 


22 


290 


6 


653 


QENYLEYRQV 


10 


MAGB2 


252 


210 


493 


102 


17 


16 


27 


6 


654 


YEFLWGPRALl 


11 


MAGB2 


■ 269 


5.2 


4.1 


2,8 


92 


0.59 


450 


6 


655 


LEAROBALGLVGA 


13 


MAGB2 


16 


228 


29 


SO 


3886 


3.7 


135 


5 


656 


VEVTLGBVPA 


10 


MAGB2 


46 


14 


371 


31 


3801 


0.52 


15 


5 


657 


BEGPRMFPDL 


10 


I4AGE2 


92 


i28 


4438 


486 


291 


13 


42 


5 


658 


ABMLESVL 


8 


IvfA0E2 


133 


968 


14 


31 


327 


0.88 


302 


5 


659 


LESVLRNCQDFF 


12 


MAGE2 


136 


56 


246 


370 


264 


54 


1466 


5 


660 


SBYLQLVF 


8 


MkGB2 


155 


0.97 


765 


6.0 


284 


0.70 


122 


5 


661 


VEWPISHLYl 


1 1 


MAGE2 


167 


97 


135 


146 


335 


7.2 


3788 


5 


662 


EEKIWEELSM 


to 


MA0E2 


218 


86 




477 


46 


28 


107 


5 


663 


EELSMLBVFBG 


11 


MA0E2 


223 


1.5 




294 


4.6 


23 


163 


5 


664 


YEFLWOPRA 


9 


MAQB2 


269 


5.3 


30 


5.2 


4246 


I.l 


241 


5 


665 


YEFLWGPRAL 


10 


MAGE2 


269 


17 


8.5 


1.6 


130 


0.72 


753 


5 


667 


lETSYVKVL 


9 


MAGE2 


279 


72 


7.2 


23 


33 


2.6 


11,902 


5 


668 


LEAKGEAL 


8 


MA0E2 


16 


163 


99 


26 




2.9 




4 


669 


LBARGEALOL 


10 


MA0E2 


16 


81 


184 


277 


2275 


4.1 


3046 


4 


670 


LBARGBALOLV 


11 


MAGE2 


16 


158 


198 


345 




13 


1912 


4 


671 


VELVHFIX 


8 


MAGB2 


114 


5.0 


69 


31 


3322 


1,2 


2427 


4 


672 


VBLVHFIXL 


9 


MAQE2 


114 


71 


79 


31 


559 


3.1 


1129 


4 


673 


RBPVTKAEM 


9 


MAGB2 


127 


60 


40 


284 


6577 


45 


832 


4 


674 


RBFVTKABML 


10 


MA0E2 


127 


88 


23 


264 


763 


21 


917 


4 


675 


mVYBWPI 


9 


MAGE2 


164 


11 


4.7 


60 


11.313 


13 


6423 


4 


676 


VBWPISHL 


"^9 


MAGB2 


167 


149 


2.8" 


66 


9082 


2.3 


13,803 


4 


678 


VBWPISHLYE- 


12 


MAGB2 


167 


191 


20 


17 


935 


3J2 


1926 


4 


679 


VEWPISHLYtt^V 


13 


MAGE2 


W 


197 


373 


tio 


562 


25 


839 


4 


680 


WBBl^MLBV ■ 


9 


MAGB2 


222 


70 


2174 


37 


657 


2.5 


134 


4 


681 


EBLSMLEVF 


9 


MAGB2 


223 


lA 


16»436 


252 


22 


2.8 


1013 


4 


682 


GBPHKYPPL 


10 


MAGB2 


295 


7254 


7.0 


2,9 


1200 


0.71 


380 


4 


683 


EBGLEARGBAL 


U 


MAGB2 


13 


179 


300 


578 


2630 


19 


1812 


3 


684 


GBALGLVGA 


9 


MAGB2 


20 


9529 


510 


34 


6134 


2.2 


17 


3 


685 


GBALOLVGAQA 


11 


MA0E2 


20 


877 


4293 


52 


3575 


1.4 


28 


3 


686 


BBQQrrASSSSTL 


12 


MA0B2 


34 


8999 


301 


2287 


160 


570 


205 


3 


687 


QBBBGPRM 


8 


MAGE2 


90 


298 


11^98 


431 


19.255 


118 


6730 


3 


688 


QEBEGPRMP 


9 


IV1AGB2 


90 


414 


626 


7747 


237 


409 


2171 


3 


689 


VBLVHFLLLKY 


n 


MAGE2 


114 


52 


550 


294 


1551 


49 


1790 


3 


690 


LBSVURNCQDF 


u 


MAGB2 


136 


64 


5409 


3458 


209 


76 


15»241 


3 


691 


IBVVBVVPISHLY 


13 


MA0B2 


164 


108 


1191 


610 


214 


123 


2639 


3 


692 


VEYVPISHLY 


10 


I^A0B2 


Iff; 


99 


11^22 


4385 


13 


346 


6776 


3 


693 


FEGREDSVP 


9 


14AOE2 


231 


9.8 


2366 


348 


4434 


13 


3339 


3 
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Seq 
ID NO 


Sequence 


AA 


Protein 


Position 


180i 


D* 

4001 


D 

4002 


4402 


B* 

4403 


4501 


Degeneracy 


694 


BEGLEARQBA 


ID 


MAGB2 


13 


1077 


3434 


3227 


216 


684 


30 


2 


695 


LBARGBALO 


9 


MA0E2 


16 


155 


1161 


3006 




24 


2688 


2 


696 


VBVTLGEVPAA 


11 


MA0E2 


46 


124 




919 




44 


1583 


2 


697 


BEBOPRMPPDL 


n 


MAGB2 


91 


1011 


2646 


3470 


3273 


131 


209 


2 


698 


SEFQAAI 


7 


MAGE2' 


103 


181 


6830 


779 


2660 


33 


9597 


2 


699 


RBPVTKAEMLESV 


13 


MAGB2 


127 


2495 


253 


60S 


4546 


40 


4579 


2 


700 


IBGDCAPEBKl 


11 


MA0B2 


211 


844 






2627 


486 


183 


2 


701 


EEKJWEEL 


8 


MA0B2 


218 


753 


9084 


2599 


12,420 


104 


171 


2 




Pnif IWRRf 


|] 


MAGE2 


218 


1641 


4978 




1862 


375 


181 


2 


/vf J 


i-iO V rci\jj\oLJo Y 


] ] 




228 


639 


2624 


295 




46 




2 


iv't 


mnp pr» ^ vp a 
rtiyjjslMJo V r A 


in 




Cj I 


9j19 




4775 




109 








DDDfif nAvn 


0 




19 

III 


I9S9 


909 












/UO 


tSol^Vl A5o50 I 


1 1 
1 1 






T?9 


9^nfi 






1 S^9 






707 


i^oJacUr KMr r LI L 


1 1 




on 


•tl /o 


1 /OJr 


9011 


91ftrt 


J7*f 


1 inn 




/Uo 


BDOUJrlUVlr 


B 
0 




01 




19 9R1 




2406 


91*^ 
A J J 


7*W 




709 




1 








1 / 1 1 




fJJ 


91 






11 A 

710 




n 

y 






jft 


1Q ^0 












71 1 


OBFHIoY 


7 


Xjf A oo 






I 


0/10 










712 


PEEGLEARGEA 


11 


MAGE2 


12 


15,209 




18,624 




950 


3193 


0 


713 


EEGLBARGEALGL 


13 


MAGE2 


13 


8199 


3694 


18.543 


2515 


4468 


5856 


0 


714 


DBQSSNQEEEG 


11 


MAOB2 


84 


10.836 








2125 




0 


715 


PEEKIWEELSM 


11 


MAGE2 


217 


6039 




18,680 




985 


15^00 


0 


716 


WBELSML 


7 


MAGB2 


222 


1288 


781 


740 




610. 




0 


717 


VfEElSldL 


7 


MAOB2 


234 


17.670 


10.408 






2010 


15,074 


0 


718 


WBELSML 


7 


MA0B2 


252 


8292 


6581 




2999 


10»009 


2724 


0 
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Table 30: MAGE3-defived B44 



ID NO 


Sequence 


AA 


Protein 


Position 


D* 

1801 


4001 


B* 

4002 


B* 

4402 


B* 

4403 


B* 

4501 


Degeneracy 


719 


QEAASSSSTL 


10 


MAGE3 


36 


144 


49 


47 


56 


13 


287 


6 


720 


LBSEFQAAL 


9 


MAGB3 


101 


5.4 


19 


16 


95 


1.0 


113 


5 


721 


AELVHFLLL 


9 


MAGB3 


114 


160 


25 


3.1 


18 


0.94 


IH 1 


V 


722 


MBVDPIGHL 


9 


MAGB3 


167 


14 


1.6 


21 


165 


1 7 


747 


A 
O 


723 


MEVDPIOHLYI 


11 


MAGB3 


167 


9.8 


34 


16 


64 


not 


yj 


0 


724 


ABLVHFLL 


8 


MAGB3 


114 


120 


71 


o.o 


1 \ ^fk 

1 J oo 


A 1 K 


43Z 


c 
D 


725 


ABLVHFLLLKY 


11 


MAGE3 


114 


153 


JA 


'10 


1/0 


1.0 


070 


5 


726 


ABMLOSVVQ 




MAnE3 


133 










1.0 


11 


5 


727 


BEKrWEELSV 


III 






AAQ 


BOA'? 


. 7y 




17 


17 


5 


728 


WEBLSVLEVP 


10 




AAA 


l*t 


Ij 


■^7 


14 


13 


1701 


5 


729 




0 






5/ 


1 Q 
/.O 


57 


80 


l.l 


2687 


5 


730 








yA 




03D 


cot 


ISro 


127 


128 


4 


731 


nSLMBVDPI 


0 


UtAfUVX 


Iv** 


7ft 

lo 






4042 


3.1 


1 1,937 


4 


732 


MEVDPIOHLY 


in 




lO/ 




01 / 


DXJ 


11 


99 


169 


4 


733 


EEKfWREl*!Vl 


1 1 

1 1 




Ala 




7? 
AJ 




1416 


58 


218 


4 


734 


RPf WT PVF 


Q 


VflJWJCJ 








oil ^ 




12 


2120 


4 


735 


EEEGP52TF 


Q 
0 




01 




1 nns 




JyJi 


27 


1819 


3 




OCCVIrO i mji^ 


1 1 
1 1 


mJKKJta 


01 

yi 




/la 1 
431 


2i20 


2685 


102 


158 


3 


737 


WEELSVLEV 


9 


MAGB3 


222 


8.0 


2479 


158 




2.6 


538 


3 


738 


FEGREDSIL 


9 


MAGE3 


231 


1091 


4.9 


439 


1925 


n 




3 


739 


FEGRBDSILO 


10 


MAGB3 


231 


229 


460 


4361 


8534 


172 




3 


740 


QEAASSSST 


9 


MAGE3 


36 


1422 




1480 


3823 


41 


no 


2 


741 


REODCAPBEKI 


11 


MA0B3 


211 


973 


2418 


830 


4038 


42 


146 


2 


742 


LBVFEGREDSl 


11 


MAQB3 


228 


4745 


206 


512 




69 




2 


743 


FEGREDSI 


8 


MAGB3 


231 


5763 


718 


127 


14.181 


13 


2291 


2 


744 


QEEEGPSTF 


9 


MAGE3 


90 


841 




16,118 


324 


529 


2450 


1 


745 


IBLMBVDPIO 


10 


MAGB3 


164 


506 


6592 


5325 


222 




7604 


1 



82681_l.DOC 
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Table 31. Hepatitis B Virus Core Protein (SEQ ID NO: 754) 

MQLFHLCLIISCSCP1VQASKLCLGWLWGMDIDPYKEFGATVELLSFLPSDFFPSV 
RDLLDTASALYREALESPEHCSPHHTALRQAILCWGELMTLA7WVGVNLEDPASR 
DLWSYVNTNMGLKFRQLLWFHISCLTFGRETVIEYLVSFGVWIRTPPAYRPPNAPIL 
STLPETTWRRRGRSPRRRTPSPRRRRSQSPRRRRSQSRESQC 



59887_l.DOC 
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TABLE 32: Population coverage by aUelic family 



Phenotypic frequencies by supertype family 

Manimal Population Coverage 



AlleUe 


Cauc. 


Blk. 


Jpn. 


Chn. 


His. 


Avg. 


A2 sup 


45.8 


39.0 


42.4 


45.9 


43.0 


43.2 


A3 sup 


37,5 


42.1 


45.8 


52.7 


43.1 


44.2 


B7sup 


38.6 


52.7 


48.8 


35.5 


47.1 


44.7 


Al specific 


28.6 


10.1 


1.4 


9.2 


10.1 


11.9 


A24 specific 


16.8 


8.8 


58.1 


32.9 


26.7 


28.7 



Scenarios: 

A A3 super, B7 super, Al & A24 

B A3 super, B7 super, Al, A24 & A2 
super 

C A3 super, A1& 
A24 

D A3 super, Al, A24 & A2 super 



Phenotypic frequencies of combined supertype families 

Minimal Population Coverage 



Scenario 


Cauc 


Blk. 


Jpn. 


dm. 


Has. 


Avg. 


• A 


81.6 


79.1 


92.7 


86.4 


83.5 


84.7 


B 


95.1 


90.6 


99.1 


97.5 


94.8 


95.4 


C 


70.0 


55.9 


85.8 


78.9 


68.8 


71.9 


D 


92.0 


80.2 


98.2 


96.2 


90.1 


91.3 
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TABLE 32: Population coverage by allelic family (contM) 



Phenotypic frequencies by supertype family 

Minimal Population Coverage 



AlleUe 


Cauc. 


Blk. 


Jpn. 


Chn. 


His. 


Avg. 


A3 super 


37.5 


42.1 


45.8 


52.7 


43.1 


44.2 


. B7 super 


38.6 


52.7 


48.8 


35.5 


47.1 


44.7 


Al specific 


28.6 


10.1 


1.4 


9.2 


10.1 


11.9 


A24 specific 


16.8 


8.8 


58.1 


32.9 


26.7 


28.7 



Scenarios: 

A A3 super & B7 super 

B A1& 

A24 

C A3 super, Al &A24 

D B7 super, A1&A24 

E A3 super, B7 super, A1&A24 



Phenotypic frequencies, of combined supertype families 

Minimal Population Coverage 



Scenario 


Cauc. 


Blk. 


Jpn. 


Chn. 


His. 


Avg. 


A 


61.6 


72.6 


72.3 


69.5 


69.9 


69.2 


B 


42.7 


18.4 


59.0 


40.4 


35.3 


39.2 


C 


70.p 


55.9 


85.8 


78.9 


68.8 


71.9 


■ D 


64.8 


61.4 


79.0 


61.5 


65.8 


66.5 


E 


81.6 


79.1 


92.7 


86.4 


83.5 


84.7 



221 



wo 2004/052917 



PCT/US2003/038949 



TABLE 32: Population coverage by allelic family (cont'd) 



Phenotypic frequencies by supeitype family 

Minimal Population Coverage 



AUelle 


Cauc. 


Blk, 


Jpn. 


Chn. 


His. 


Avg. 


A2sup 


45.8 


39.0 


42.4 


45.9 


43.0 


43.2 


A3 sup 


37.5 


42.1 


45.8 


52.7 


43.1 


44.2 


B78up 


38.6 


52.7 


48.8 


35.5 


47.1 


44.7 


Al specific 


28.6 


10.1 


1.4 


9.2 


10.1 


11.9 


A24 specific 


16.8 


8.8 


58.1 


32.9 


26.7 


28.7 


Al super 


47.1 


16.1 


21,8 


14.7 


26.3 


25.2 


A24 super 


23.9 


38.9 


58.6 


40.1 


38.3 


40.0 



Scenarios: 

A A2 super, A3 super, B7 super 

•B A2 super, A3 super, Al, A24 

C A2 super, A3 super, Al, A24, B7 super 

D A2 super, A3 super, Al super, A24 super 

, E A2 super, A3 super, Al super, A24 super, B7 super 



Phenotypic frequencies of combined supertype families 

Minirnal Population Coverage 



Scenario 


Cauc. 


Blk. 


Jpn. 


Om. 


His. 


Avg. 


A 


83.0 


.86.1 


87.5 


88.4 


863 


86.2 


B 


92.0 


80.2 


98.2 


96.2 


90.1 


91.3 


C 


95.1 


90.6 


99.1 


97.5 


94.8 


95.4 


D 


98.4 


94.2 


99.9 


98.5 


97.6 


97.8 


E 


99.0 


97.3 


100.0 


99.1 


98.8 


98.8 
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Table 33: Examples of Fragments 

CEA Fragments 




SEQ ID NO:755 (fragment comprising at least SEQ ID NO: 182 (bold/underlined) ) ' 
PDSSYI^GANIJ^ CHSASNPSPQY 5?WRTNnTPQnwTnvT TTTAmTPMM^r^TYAm^gM 
LATGRNNSIVKSrrVSASGTSPGLSAGATVGIMIGVLVGVAU 

SEQ ID NO:756 (fragment comprising at least SEQ ID N0:I8I (bold/underlined )) 
HER2/neu Fragments 

SEQ.ID NO:757 (fragment comprising at least SEQ ID NO: 189 (bold/underlined) ) 
MFNQAQMRIOCETEUUCVKVLGSGAFGTVYKGIWIPDGEN^ 
NKEIII)EAYVMAGVGSPYVSRII.GICLTSTVQLVTQLMPYGCLLDHV^ 
DIJJNWCMQIAKGMSYI£DVRLVHRDLAARNVLVKSP^^ 
YHADGGKWIKWMAlJBSIIJRRRFraOSDWSYG 



YHADGGKWIKWMAlJBSIIJRRRFraQSDW 
II^KGERIPQPPICTTOVYMIMVKCWM^ 

EDLGPASPLDSTFYRSLLEDDDMGDLVDAEEYLWQQGFFCPDPAPGAGGMVHHI^ 
RSSSTRSGGGDLTLGLEPSEEEAPRSPLAPSEGAGSDVFDGDLGMGAAKGLQSUrro 
PSPIX2RYSEDPTVPIJSETDGYVAPLTCSPQPEYVNQPDVRPQPPSPREGPIPAARPAG 
ATUBRPKTl^PGIQ^GVVKDWAFGGAVEN^^ 

YWDQDPPERGAPPSTFKGTPTAENPEYLGLDVPV 

SEQ ID NO:758 (fragment comprising at least SEQ ID NO:20I (bold/underlined) ) 

MVHHRHRSSSTRSGGGDLTLGI^SEEEAPRSPLAPSBGAGSDVFDGDLG^^ 

QSIJaiIDPSPIXJRYSEI)PTWU>SETOGYVAPLTC^ 

PAARPAGATLBRPKTLSPGKNGVVKDWAFGGAVENPEY^ 

PAFDNLYYWDODPPTOnAPP5m?gflTPTAT?MPTyvnr ra T^ypy — 

SEQ ID NO:759 (fragment comprising at least SEQ ID N0:I9I (bold/undeHined) ) 
MALESILRR RFTHOSDVWSYG VTVWEL 

MAGE-2/3 Fragments 

SEQ ID NO:760 (MAGE-2 fragment comprising at least SEQ ID NO:219 (bold/underlined) ) 
MPKTGLUIVLAIIAffiGDCAPEEKry\^^ 

YLBYRQVPGSDPACYEETLWGPRALffiTSYVKYUnm^G^ 
B 

SEQ ID NO:761 (MAGE-3 fragment comprising at least SEQ ID N0:221 (hoWunderUjuid\ ) 
MPl^RSQHCKI^GLEARGEAIXSLVGAQAPAtBBQBAASSSSTtVBmCffiVPAAB 
SPDPPQSPQGiASSIJSMDCPLWSQSYEDSSNQEEBGPSTPPDLBSEFQAALSRKVAB 
LVHFLLLK:YRAREPVTKAEMLGSWG^WQmPVIFSKA^ 
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SEQ ID NO:762 (MAGE^S fragment comprising at least SEQ ID NO:233 (boWunderUned) ) 
K LLTOHFVQENY LEY 

p53 Fragments 

SEQ ID NO:763 (fragment comprising at least SEQ ID NO:239 (boWunderUnedW 

MDDUvfl^PDDBQWFTEDPGPDEAPRMPEAAPPVAPAPAAFTPAAPAPAPSWPLSSSV 
PSQKTYQGSYGPRLOPLHS GTAKSVTCTY SPAI ■NKN4Pr!ni AgTnPvr>T ^r^^«^pp 

GTRVRAMAIYKQSQHMTEVVWlCraHERCSDSDGLAPPQHlJRVEGM^ 

NrreRHSVVWYm»PEVGSDCITlHYNYMCNSSCMGGMhmiU>ILTI^ 

NSFEVRVCACPGIUDRRTEffi^aJUCKaEPHHELPPGSTKRALPl«^ 

SEQ ID NO:764 (fragmeru comprising at least SEQ ID NO:239 (boU/underBne dU 
H SGTAKSVTCTY SPAT.NTCM. \-iSLJm. &/J 

SEQ ID NO:765 (fragment comprising at least SEQ ID NO:244 (bold/underlined) ) 

MFCQLAKTCPVQLWVDSTPPPGTRVRAMATYKQSQHMTBVVRRCPHHERCSDSDGL 
APFQHLIRVEGhqjlVEYIJDimTPRHSVVVPYEPPE VGSDCTTIHY 
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WHAT IS CLAIMED IS: 

1. An isolated peptide selected from the group consisting of: 

(a) a peptide comprising at least 1 epitope or analog selected 
from the group consisting of: SEQ ID Nos: 42-361, but 
excluding SEQ ID NO:42, 60, 62, 67, 82, 86, 101, 116, 153, 
362, 230, 265, 290, 321, 334, and 345; 

(b) a peptide comprising at least 2 epitopes or analogs selected 
from the group consisting of the epitopes and analogs in 
Table 16a; 

(c) a peptide comprising at least 3 epitopes or analogs selected 
from the group consisting of the epitopes and analogs in 
Table 16b; 

(d) a peptide comprising at least 4 epitopes or analogs selected 
from the group consisting of the epitopes and analogs in 
Table 16c; 

(e) a peptide comprising at least 2 epitopes or analogs selected 
from the group consisting of tiie epitopes and analogs in 
Table 16d; 

(f) a peptide comprising at least 1 epitope or analog selected 
from the group consisting of the epitopes and analogs in 
Table 17a; 

(g) a peptide comprising at least 1 epitope or analog selected 
from the group consisting of the epitopes and analogs in 
Table 17b; 

(h) a peptide comprising at least 3 epitopes or analogs selected 
from the group consisting of the epitopes and analogs in 
Table 17c; 
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(i) a peptide comprising at least 1 epitope or analog selected 
from the group consisting of the epitopes and analogs in 
Table 17d; 

0) a p^tide comprising at least 1 epitope or analog selected 
from ttie group consisting of the epitopes and analogs in 
Table 18^ 

(k) a peptide comprising at least 1 epitope or analog selected 
from the groiq) consisting of the epitopes and analogs in 
Table 18b; 

(1) a peptide comprising at least 2 epitopes or analogs selected 
from the group consisting of the epitopes and analogs in 
Table 18c; 

(m)a peptide comprising at least 1 epitope or analog selected 
from the group consisting of the epitopes and analogs in 
Table 18d; 

(n) a peptide comprising at least 3 epitopes or analogs selected 
from the group consisting of the epitopes and analogs in 
Table 19a; 

(o) a peptide comprising at least 1 epitope or analog selected 
from the group consisting of the epitopes and analogs in 
Table 19b; 

(p) a peptide comprising at least 4 epitopes or analogs selected 
from the groiq) consisting of the epitopes and analogs in 
Table 19c; 

(q) a peptide comprising at least 1 epitope or analog selected 
from the group consisting of the epitopes and analogs in 
Table 19d; 

(r) a peptide comprising at least 7 epitopes or analogs selected 
from the group consisting of the epitopes and analogs in 
Table 20; 
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(s) a peptide comprising at least 2 epitopes or analogs selected 
from the group consisting of the epitopes and analogs in 
Table 21; 

(t) a peptide comprising at least 2 epitopes or analogs selected 
from the group consisting of the epitopes and analogs in 
Table 22; 

(u) a peptide comprising at least 6 epitopes or analogs selected 
from the group consisting of the epitopes and analogs in 
Table 23; 

(v) a peptide comprising at least 1, 2, 3, 4, 5, or 6 epitopes or 

analogs selected from the group consisting of the epitopes 

and analogs in Table 26; 
(w) a peptide comprising at least 1, 2, 3, 4, 5, or 6 epitopes or 

analogs selected from the group consisting of the epitopes 

and analogs in Table 27; 
(x) a peptide comprising at least 1, 2, 3, 4, 5, or 6 epitopes or 

analogs selected from the group consisting of the epitopes 

and analogs in Table 28; 
(y) a peptide comprising at least 1, 2, 3, 4, 5, or 6 epitopes or 

analogs selected from the group consisting of the epitopes 

and analogs in Table 29; and 
(z) a peptide con^nising at least 1, 2, 3, 4, 5, or 6 q>itopes or 

analogs selected fix)m the group consisting of the epitopes 

and analogs in Table 30. 

2. The peptide of claim 1, which comprises at least 2 of said 
epitopes or analogs. 

3. The peptide of claim 1, which comprises at least 3 of said 
epitopes or analogs. 

4. The peptide of claim 1, which comprises at least 4 of said 
epitopes or analogs. 
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The peptide of claim 1, which comprises at least 5 of said 
epitopes or analogs. 

The peptide of claim 1, which comprises at least 6 of said 
epitopes or analogs. 

The peptide of claim 1, which coii5)rises at least 7 of said 
epitopes or analogs. 

The peptide of claim 1, which comprises at least 8 of said 
epitopes or analogs. 

The peptide of claim 1, which comprises at least 9 of said 
epitopes or analogs. 

An isolated peptide comprising (a) an epitope or analog 
selected from the group consisting of: SEQ ID NO:42, 60, 62, 
67, 82, 86, 101, 116, 153, 362, 230, 265, 290, 321, 334, and 
345; and (b) an epitope or analog selected from the group 
consisting of: SEQ ID NO:41-59, 61, 63-66, 68-81, 83-85, 87- 
100, 102-115, 117-152, 154-229,231-264, 266-289, 291-320, 
322-333, 335-344, and 346-361. 
An isolated peptide comprising (a) an epitope or analog 
selected from the group consisting of: SEQ ID NO:42, 60, 62, 
67, 82, 86, 101, 1 16, 153, 362, 230, 265, 290, 321, 334, and 
345; and (b) an epitope or analog selected from the groiq) 
consisting of: SEQ ID NO:368-745. 
An isolated peptide comprising (a) an epitope or analog 
selected from the group consisting of: SEQ ID NO: 1-25; and 
(b) an epitope or analog selected from the group consisting of: 
SEQ ID NO:41-59, 61, 63-66, 68-81, 83-85, 87-100, 102-115, 
117-152, 154-229, 231-264, 266-289, 291-320, 322-333, 335- 
344, and 346-361. 

An isolated peptide comprising (a) an epitope or analog 
selected from the group consisting of: SEQ ID NO:l-25; and 
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(b) an epitope or analog selected from the group consisting of: 
SEQIDNO:368-745. 
14. An isolated peptide selected from the group consisting of: 

(a) a peptide comprising at least 2 q)itopes or analogs selected 
from the group consisting of: SEQ ID NO:42, 44, 46, 51, 
52, 54, and 55; 

(b) a peptide comprising at least 4 epitopes or analogs selected 
from the group consisting of: SEQ ID NO: 57, 60, 62, 67, 
68, 69, 70, 73, and 75; 

(c) a peptide comprising at least 2 epitopes or analogs selected 
from the group consisting of: SEQ ID NO:77, 82, 90, 91, 
96, 99, 102, and 103; 

(d) a peptide comprising at least 2 epitopes or analogs selected 
from the group consisting of: SEQ ID NO:104, 107, 1 1 1, 
114,116,119, and 124; 

(e) a peptide comprising at least 1 epitope or analog selected 
from the group consisting of: SEQ ID NO: 133, 136, and 
155; 

(f) a peptide comprising at least 2 epitopes or analogs selected 
from the group consisting of: SEQ ID NO:140, 146, and 
153; 

(g) a peptide comprising at least 1 epitope or analog selected 
from the group consisting of: SEQ ED N0:161, 167, 170, 
172, 178, 180, 181, and 182; 

(h) a peptide comprising at least 1 epitope or analog selected 
from the group consistmg of: SEQ ID NO: 186, 188, 189, 
191, 194, 198, 200, 201, and 208; 

(i) a peptide comprising at least 2 epitopes or analogs selected 
from the group consistmg of: SEQ ID N0:21 1, 216, 219, 
221,228, 230, 234, and 236; 
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0) a peptide comprising at least 1 epitope or analog selected 
fix)m the groiq) consisting of: SEQ ID NO:238, 239, 240, 
242, and 246; 

(k) a peptide comprising at least 3 epitopes or analogs selected 
^ from the group consisting of: SEQ ID NO:256, 263, 265, 

269, 272, 278, 279, 281, 282, 285, 287, and 290; 
(1) a peptide comprising at least 1 epitope or analog selected 

from flie groiq) consisting of: SEQ ID NO:292, 293, 304, 

305, 308, and 310; 
(m)a peptide comprising at least 4 epitopes or analogs selected 

from the group consisting of: SEQ ID NO:316, 321, 324, 

345, 331-336, 344, 345, and 351; 
(n) a peptide comprising at least 1 epitope or analog selected 

from the group consisting of: SEQ ID NO:356 and 361, 

1 5. The peptide of any one of claims 1-14, which comprises an 
HTL peptide. 

16. A compation comprising the peptide of any of claims 1-15, and 
a diluent. 

17. A composition comprising: 

(aa) at least 1 epitope or analog selected from the group 
consisting of: SEQ ID Nos: 42-361, but excluding SEQ ED 
NO:42, 60, 62, 67, 82, 86, 101, 116, 153, 362, 230, 265, 
290, 321,334, and 345; 

(bb) at least 2 epitopes or analogs selected from the group 
consisting of the epitopes and analogs in Table 16a; 

(cc) at least 3 epitopes or analogs selected from the groiq> 
consisting of the epitopes and analogs in Table 16b; 

(dd) at least 4 epitopes or analogs selected from the group 
consisting of the epitopes and analogs in Table 16c; 
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(ee) at least 2 q)itopes or analogs selected from the group 

consisting of the epitopes and analogs in Table 16d; 
(ff) at least 1 epitope or analog selected from the group 

consisting of the epitopes and analogs in Table 17a; 
(gg) at least 1 epitope or analog selected from the group 

consisting of the epitopes and analogs in Table 17b; 
(hh) at least 3 epitopes or analogs selected from the group 

consisting of the epitopes and analogs in Table 17c; 
(ii) at least 1 epitope or analog selected from the group 

consisting of the epitopes and analogs in Table 17d; 
(ij) at least 1 epitope or analog selected from the group 

consistmg of the epitopes and analogs in Table 18a; 
(kk) at least 1 epitope or analog selected from the group 

consisting of the epitopes and analogs in Table 18b; 
(11) at least 2 epitopes or analogs selected from the group 

consisting of the epitopes and analogs in Table 18c; 
(mm) at least 1 epitope or analog selected from the group 

consisting of the epitopes and analogs in Table 18d; 
(nn) at least 3 epitopes or analogs selected from the groiq) 

consistmg of tiie epitopes and analogs in Table 19a; 
(oo) at least 1 epitope or analog selected from the group 

consisting of the epitopes and analogs in Table 19b; 
(pp) at least 4 epitopes or analogs selected from the group 

consisting of the epitopes and analogs m Table 19c; 
(qq) at least 1 epitope or analog selected from the group 

consisting of the epitopes and analogs in Table 19d; 
(rr) at least 7 epitopes or analogs selected from the group 

consisting of the epitopes and analogs in Table 20; 
(ss)at least 2 epitopes or analogs selected from the group 
consisting of the epitopes and analogs in Table 21; 
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(tt) at least 2 epitopes or analogs selected bom the group 

consisting of the epitopes and analogs in Table 22; 
(uu) at least 6 epitopes or analog selected torn the group 

consisting of the epitopes and analogs in Table 23; 
(w) at least 1, 2, 3, 4, 5, or 6 epitopes or analogs selected 

fiom the group consisting of the epitopes and analogs in 

Table 26; 

(ww) at least 1, 2, 3, 4, 5, or 6 epitopes or analogs selected 
fiom the group consisting of the epitopes and analogs in 
Table 27; 

(xx) at least 1, 2, 3, 4, 5, or 6 epitopes or analogs selected 
fix)m the group consisting of the epitopes and analogs in 
Table 28; 

(yy) at least 1, 2, 3, 4, 5, or 6 epitopes or analogs selected 
from the group consisting of the epitopes and analogs in 
Table 29; and 

(zz) at least 1, 2, 3, 4, 5, or 6 epitopes or analogs selected 
from the group consisting of the epitopes and analogs in 
Table 30. 

18. The composition of claim 1 7, which comprises at least 2 of said 
epitopes or analogs. 

19. The composition of claim 17, which comprises at least 3 of said 
epitopes or analogs. 

20. The composition of claim 17, which comprises at least 4 of said 
q)itopes or analogs. 

21. The composition of claim 17, which comprises at least 5 of said 
epitopes or analogs. 

22. The composition of claim 17, which comprises at least 6 of said 
epitopes or analogs. 

23. The composition of claim 17, which comprises at least 7 of said 
epitopes or analogs. 
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The composition of claim 17, which comprises at least 8 of said 
epitopes or analogs. 

The composition of claim 17, which comprises at least 9 of said 
epitopes or analogs. 

A composition comprising (a) an epitope or analog selected 
from the group consisting of: SEQ ID NO:42, 60, 62, 67, 82, 
86, 101, 116, 153, 362, 230, 265, 290, 321, 334, and 345; and 
(b) an epitope or analog selected from the group consisting of: 
SEQID NO:41-59, 61, 63-66, 68-81, 83-85, 87-100, 102-115. 
117-152, 154-229, 231-264, 266-289, 291-320, 322-333, 335- 
344, and 346-361. 

A composition comprising (a) an epitope or analog selected 
from the group consisting of: SEQ ID NO:42, 60, 62, 67, 82, 
86, 101, 116, 153, 362, 230, 265, 290, 321, 334, and 345; and 
(b) an epitope or analog selected from the group consisting of: 
SEQIDNO:368-745. 

A composition comprising (a) an epitope or analog selected 
from the group consisting of: SEQ ID NO: 1-25; and (b) an 
epitope or analog selected from the group consisting of: SEQ 
ID NO:41-59, 61, 63-66, 68-81, 83-85, 87-100, 102-115, 117- 
152, 154-229, 231-264, 266-289, 291-320, 322-333, 335-344, 
and 346-361. 

A composition comprising (a) an epitope or analog selected 
from the group consisting of: SEQ ID NO:l-25; and (b) an 
epitope or analog selected from the group consisting of: SEQ 
rDNO:368-745. 

A composition selected from the group consisting of: 
(o) at least 2 epitopes or analogs selected from the group 
consisting of: SEQ ID NO:42, 44. 46, 51, 52, 54, and 55; 
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(p) at least 4 epitopes or analogs selected from the groiq> 
consisting of: SEQ ID NO: 57, 60, 62, 67, 68, 69, 70, 73, 
and 75; 

(q) at least 2 epitopes or analogs selected fiom the group 
consisting of: SEQ E) NO:77, 82, 90, 91, 96, 99, 102, and 
103; 

(r) at least 2 epitopes or analogs selected ftom the group 
consisting of: SEQIDNO:104, 107, 111, 114, 116, 119, 
and 124; 

(s) at least 1 epitope or analog selected from tiie group 

consisting of: SEQ ID NO:133, 136, and 155; 
(t) at least 2 epitopes or analogs selected finrn the group 

consisting of: SEQ ID NO: 140, 146, and 153; 
(u) at least 1 epitope or analog selected from the group 

consisting of: SEQ IDN0:161, 167, 170, 172, 178, 180, 

181, and 182; 

(v) at least 1 epitope or analog selected from the group 

consisting of: SEQ ID NO:186, 188, 189, 191, 194, 198, 

200, 201, and 208; 
(w)at least 2 epitopes or analogs selected from the groiq> 

consisting of: SEQ ID N0:211, 216, 219, 221, 228, 230, 

234, and 236; 

(x) at least 1 q)itope or analog selected from the group 

consisting of: SEQ ID NO:238, 239, 240, 242, and 246; 
(y) at least 3 epitopes or analogs selected from the groiq> 

consisting of: SEQ ID NO:256, 263, 265, 269, 272, 278, 

279, 281, 282, 285, 287, and 290; 
(z) at least 1 epitope or analog selected from the group 

consisting of: SEQ ID NO:292, 293, 304, 305, 308, and 

310; 
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(aa) at least 4 epitopes or analogs selected from the group 
consisting of: SEQ ID NO:316, 321, 324, 345, 331-336, 
344, 345, and 351; 

(bb) at least 1 epitope or analog selected from the group 

consisting of: SEQ ID NO:356 and 361. 

3 1 • The composition of any of claims 1 7-30, which further 
comprises an HTL peptide. 
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